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The present study performed on adult rats employed (a) a videomicroscopy 
method to examine in situ the reactivity of the rat subcapsular testicular artery to the 
suffusion of adrenergic, serotonergic and cholinergic agents, and to elucidate the receptor 
subtypes responsible mediating their actions using specific agonists and antagonists, and 
(b) a hydrogen gas clearance method to determine the effects of these agents on testicular 
capillary blood flow (TCBF) following intratesticular injection. 
Norepinephrine (NE) produced a concentration dependent constriction of the 
testicular artery with an EC50 of 1.9x10.7 m and an E ^ of 44% reduction in the basal 
artery diameter. The NE concentration response curve was parallel to that of epinephrine 
and phenylephrine, but not to clonidine. In the presence of phentolamine (3x10"' M) and 
yohimbine (10"^  M), the NE concentration response curve showed a significant parallel 
rightward displacement. Prazosin (10"^  M) produced non-parallel displacement, reducing 
the slope of the NE response to a value insignificantly different from that of clonidine. The 
vasoconstrictive effect of NE was potentiated in the presence of P antagonists, indicated 
by a parallel leftward displacement of the NE concentration response curve. Dobutamine 
and salbutamol caused concentration dependent dilation of the testicular artery 
preconstricted by arginine vasopressin (AVP). The agonist effects on testicular capillary 
blood flow (TCBF) Mowed their activities and potency order on the arteryJ TCBF 
decreased with E > N E > P E > clonidine, and increased with salbutamol>dobutamine. 
These results indicate that the predominant effect of N E on the testicular vasculature 
is a-adrenoceptor-mediated vasoconstriction and decrease in blood flow, with the 
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oci-mediated effect greater 0x2. P-adrenoceptors (Pi,& P2) are also present to mediate 
vasodilation and increase in blood flow. 
5-HT produced a concentration dependent constriction of the testicular artery 
with an EC50 of7.9xl0'^ M and an E^ ax of 51%. Its effect was almost identical to that of 
a-methylserotonin, and clearly more potent than S-carboxamidotryptamine and 2-methyl-
serotonin. Ketanserin (10'^  M) produced a non-competitive inhibition of 5-HT and a -
methylserotonin, while propranolol (10'^  M) and metoclopramide (10'^  M) were without 
any significant effects. Intratesticular injection of 10"^  mole 5-HT, a-methyserotonin and 
2-methylserotonin produced significant fall in TCBF, while 5-carboxaniidotrytamine 
(3x10-10 mole) caused a transient rise. The S-caiboxamidotryptainine effect on the artery 
and TCBF could not be mimicked by specific 5-HTIA or 5-HTID receptor agonist. 
These results therefore suggest that 5-HT may have both vasoconstrictive and 
vasodilatory actions in the testicular vasculature. The vasoconstrictive effect is 
predominantly 5-HT2 receptor-mediated while an unknown type of 5-HTi-like receptors 
may also be present in the smaller blood vessels to cause vasodilation. 
Studies to explore the possible action of 5-HT through a-adrenergic mechanism 
indicated that only phentolamine (10"^  M) but not prazosin and rauwolscine (10"^  M) 
caused a parallel rightward displacement of the 5-HT concentration response curve. The 
concentration of ketanserin M) effective in antagonizing 5-HT action had no a-
adrenergic blocking effect on NE. Therefore it is unlikely that a-adrenergic mechanism is 
involved in the 5-HT action. 
Caibachol caused a concentration dependent dilation of the testicular arteiy with 
an EC50 of 7.0x10-7 m and an Enuix of 79.1% recovery of the preconstriction induced by 




by hexamethonium (10"^  M), the cholinergic receptors mediating carbachol action appears 
to be muscarinic in nature. Furthermore since pirenzepine (3x10"^  M) and p-F-HHSid (10" 
7 M), but not 10"^  M methoctramine or 10"^  M tropicamide, antagonized the carbachol 
concentration response curve with a parallel rightward displacement, the muscarinic 
receptors involved are likely to be the Mi and Ms subtypes. The vasodilatory action of 
carbachol on the artery was correlated with a transient stimulatory effect on TCBF after 
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1. Introduction ^ 
1.1 Testicular vasculature 
1.1.1 Structural organization 
In the rat, the main blood supply to the testis comes from the internal 
spermatic artery that branches off the aorta at the level of the renal artery. The artery 
remains as a single vessel until just before entering the inguinal canal, it gives off the 
superior and interior epididymal arteries to supply the head of the epididymis. The 
testicular artery becomes convoluted as it passes through the inguinal canal and is 
surrounded by multiple veins of the pampiniform plexus to form the vascular cone. 
Once the internal spermatic artery leaves the vascular cone, it pierces the tunica 
albuginea at the cranial pole of the testis. From there it becomes the subcapsular 
artery and passes straight down the epididymal margin to the caudal pole. The artery 
then ascends on the ventrolateral surface of the testis, forming 4 to 6 loose 
convolutions before entering the testicular parenchyma close to the cranial pole 
(Weerasooriya & Yomamoto, 1985; Murakami et al.，1989; see reviews by Setchell, 
1970; Free, 1977; Setchell, 1978; Setchell, Maddocks & Brooks, 1994). 
On entering the testis, the artery divides into 4 to 7 major branches giving rise 
to centripetal arteries which dive straight toward the rete testis and mediastinum. At 
the mediastinum, these branches curve back toward the surface and divide into 
smaller blood vessels called centrifugal arteries. These centrifugal arteries give rise to 
arterioles that penetrate between the seminiferous tubules. The arterioles then branch 
off into capillaries which in the rat testis, show a rope-ladder like appearance and 
comprise of two distinct networks. The intertubular capillaries or Zwickelcapillaren 
run parallel to the seminiferous tubules near the Leydig cells in the interstital spaces. 
1 
The peritubular capillaries or Quercapillaren branch off at right angles to the 
intertubular capillaries and run perpendicularly around the seminiferous tubules to join 
adjacent intertubular vessels. Thus, the capillaries do not penetrate the seminiferous 
tubules but are confined to the spaces in between (Weerasooriya & Yomamoto，1985; 
Murakami et al., 1989; see reviews by Setchell, 1970; Free, 1977; Desjardins, 1993; 
Setchell, Maddocks & Brooks, 1994). 
The intertubular and peritubular capillaries join to form intertubular and 
peritubular venules, which drain into much larger collecting venules located in 
interstitial columns. Thereafter, the venous drainage follows two possible routes. 
The small veins in the parenchyma either run in a centrifugal manner to open into the 
sub-albugineal venous plexus on the surface of the testis or converge to a central vein 
near the mediastinum. The sub-albugineal venous plexus is comprised of numerous 
loosely arranged venous anastomotic networks that further drain into the intra-
albugineal venous plexus via large venous channels. The intra-albugineal venous 
plexus covers the cranial pole of the testis and from there it joins the base of the 
pampiniform plexus. For the central vein, it follows the mediastinum to the cranial 
pole of the testis where it also joins the pampiniform plexus. The pampiniform plexus 
consists of many fine veins which anastomose freely with each other via short, large 
calibre channels, and are in intimate contact with the coils of the internal spermatic 
artery. The number of veins making up the plexus gradually decreases as it moves 
further away from the testis until it reduces to a single vessel that empties into the 
posterior vena cava or renal vein (Weerasooriya & Yomamoto, 1985; Murakami et 
al., 1989; see reviews by Setchell, 1970; Setchell, 1978; Setchell, Maddocks & 
Brooks, 1994). 
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The walls of testicular capillaries, in contrast to those of all other endocrine 
tissues, are unfenestrated, being of the A-l-a type. That is, there are no intercellular 
spaces between the endothelial cells and there is a definite basement membrane, but 
an incomplete covering of pericytes (see review by Setchell, 1970). This has 
provided some restriction to the movement of substances between tissue and blood, 
and constitutes a minor component of the blood-testis-barrier (see review by 
Setchell, Maddocks & Brooks，1994). 
1.1.2 Peculiar structural organization pertinent to the consideration of function 
The vascular system is of obvious importance to the function of all tissues and 
organs in the body, including the testis. The incoming blood delivers oxygen and 
nutrients, while the outgoing blood removes carbon dioxide and other metabolic 
wastes. In addition to these general functions, the blood supply to the testis also 
performs special roles in supporting the physiological processes peculiar to this organ. 
These include bringing in the pituitary gonadotrophins (i.e. LH, FSH), disseminating 
the gonadal hormones (i.e. androgens, inhibin), and providing a specialized local 
environment (e.g. lower testicular temperature, high intratesticular testosterone 
concentration) favourable for spermatogenesis (Sharpe, 1983, 1986, 1990; de Kretser 
et al., 1988, 1992). The fulfillment of some of these special functions has been linked 
to the unique structural organization of the testicular vasculature (Murakami et al., 
1989; see reviews by Desjardins, 1989, 1993; Bergh & Damber, 1993). 
The convolution of the internal spermatic artery enveloped by multiple venous 
channels of the pampiniform plexus serves as a counter-current exchanger of heat and 
testosterone to lower the temperature and to raise the testosterone concentration of 
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the arterial blood entering the testis. The surfa杯 convolutions of the testicular 
subcapsular artery may further facilitate heat loss to the cooler scrotal tissues and 
fluids, and result in cooler blood reaching the interior of the testes (see reviews by 
Setchell, 1970; Free, 1977). Normal testicular blood flow through this uniquely 
organized vascular system is therefore important in providing the testis with a lower 
than body temperature and a high local testosterone concentration to permit normal 
spermatogenesis (Free, 1977; Weerasooriya & Yomamoto, 1985; Murakami et al.， 
1989; Desjardins, 1989, 1993; Setchell, Maddocks & Brooks, 1994). This idea 
forms the basis of one of the theories used in explaining the cause of infertility in men 
with varicocele. It has been suggested that in varicocele, vascular anomaly arising 
from abnormal dilation bf the spermatic vein gives rise to blood flow changes that 
impair counter-current heat exchange, and hence leads to an elevation of the testicular 
temperature to levels that disrupt spermatogenesis (Agger, 1971; Saypol et al.’ 1981). 
Despite the importance of vascular supply to the overall function of the testis, 
the testicular blood flow is physically limited by the development of a long testicular 
artery. In mammals with scrotal testes (e.g. rats and human), the combined internal 
spermatic and subcapsular artery is characteristically long, and the length may be 
further increased by varying degrees of extra- and intra-testicular coiling. A direct 
consequence of this extreme length plus the small calibre of the artery is that it poses 
an upper limit to the rate of blood flowing through the testis. Their relationships can 
be described by the Poiseuille's equation given below. 
” 冗 R4AP 
F 
^ 8 L V 
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where F = flow rate; AP = pressure difference across the two ends of a vessel, L= 
length; R = radius; and V = viscosity of the fluid flowing through. According to this 
equation, the rate of blood flowing through a vessel is inversely proportional to its 
length and directly proportional to the fourth power of its radius of the vessel. Thus 
the anatomical arrangement of arterial blood supply to a scrotal testis suggests that 
the control of total blood flow may involve the artery as well as the arterioles, 
although the latter is the principal site of control in other tissues (Setchell, 1978). It 
is therefore important to understand the vascular control of the testicular artery. 
The limit imposed by the long testicular artery on the total blood flow is 
further compounded by the fact that the seminiferous tubules which make up the bulk 
of the testicular mass and are populated by actively dividing and differentiating germ 
cells, are avascular. In the normal rat testis, a low oxygen tension of only 12 mm Hg 
was recorded inside the seminiferous tubules (Free, 1977). The seminiferous 
epithelium is poised on the brink of hypoxia especially when metabolism is increased 
without a corresponding rise in blood flow (Setchell, 1978). Thus the study of the 
control of testicular blood flow is important in the identification of those conditions 
or factors which may cause testicular dysfunction by producing ischaemic changes 
(Comhaire & Vermeulen, 1974; Caldamone, Al-Juburi & Cockett，1980). 
It has also been proposed that the specialized microvascular organization of 
the testicular capillaries into a peritubular and an intertubular network may offer 
independent control of blood flow to the interstitial and tubular compartments of the 
testis. The intertubular capillary network appears to preferentially supply and drain 
Leydig cells, while the peritubular capillary appears to vascularize the seminiferous 
tubules (Setchell, 1978; Murakami et al., 1989; Desjardins, 1989，1993; Bergh & 
« 
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Damber, 1993). At present, the functional role and the regulation of blood 
distribution to the two systems of capillaries remain unknown. However local control 
within the testis could be of functional importance since spermatogenesis is known to 
occur in stages with different hormonal and metabolic requirements (Sharpe, 1986， 
1990; de Kretser, 1987; Jegou & Sharpe, 1993). One way to secure local demands 
would be by modulating local perfusion (Bergh & Damber, 1993). In fact, judging 
from the intratesticular distribution of contrast media administered via the peripheral 
circulation, the perfusion profile of intertubular and peritubular capillaries appears to 
differ with the stage of the spermatogenic cycle along the seminiferous tubule 
(Kormano, 1970b). 
1.2 Importance of the blood flow to testicular function 
There is substantial, though indirect, evidence indicating the importance of 
vascular supply to normal testicular function. Degenerative changes in seminiferous 
tubules have been associated with pathological changes in the neighbouring blood 
vessels. These have been observed in cryptorchid testes (Francavilla et al.，1979), in 
testes of aged men (Regadera, Nistal & Paniagua, 1985; Paniagua et al., 1987), and in 
testes of men with varicocele (Spera et al., 1979) or with diabetes mellitus (Cameron, 
Murray & Drylie, 1985). Furthermore, testes with spermatogenic damage have lower 
testicular blood flow (Setchell & Galil, 1983; Wang, Galil & Setchell, 1983; Wang et 
al.，1985; Au, 1989; Damber et al., 1992). However it is impossible to differentiate in 
these instances whether the degenerative changes in the vasculature or the fall in 
testicular blood flow are the cause or the consequence of the testicular damage. Also, 
it is unclear whether the reduced blood flow may compromise the recovery of the 
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testis following the reversal or removal of the aetiological factors responsible for 
spermatogenic suppression (de Kretser, 1981; Sharpe, 1986). 
Direct evidence for the importance of vascular supply to the testis can be seen 
following total or partial occlusion of the testicular artery by ligation (Tjioe & 
Steinberger, 1970; Carmignani et al., 1982)，spermatic cord clamping (Kelly et al.， 
1987) or testicular torsion (Turner, 1985). These treatments result in a rapid and 
irreversible degeneration of the testis. During the development of the testis, 
restriction of blood flow by placing a cuff around the testicular artery has also been 
shown to cause growth impairment resulting in testicular hypoplasia (Kay, Grobbelaar 
&Hattingh，1992b). 
The rate of blood flow through the testis does not only determine the rate of 
transport of hormones and nutrients into the testis (Sharpe, 1983; Hellhammer & 
Gutberlet, 1988), but also controls the amount of testosterone output. Using an in 
situ perfusion model of the dog testis, Eik-Nes (1969) found a positive correlation 
between perfusion rate and secretion of testosterone. Such a relationship has 
similarly been demonstrated in the isolated perfused rat testis (Setchell et al., 1993). 
When these studies were extended to the in vivo situation, a direct relationship 
between testicular blood flow and outflow of testosterone in the spermatic vein was 
clearly established in the rat under a variety of conditions (Free & Tillson, 1973; 
Damber & Janson，1978a; Setchell & Galil, 1983). Based on these observations, it 
has been proposed that factors which influence the tonus of the blood vessels of the 
testis may indirectly affect the synthesis and/or secretion of testosterone (Damber & 
Janson, 1978b). 
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1.3 Measurement of testicular blood flow • 
A number of techniques have been used for the measurement of testicular 
blood flow. Some of them give a measure of the total blood flow while others 
determine the capillary (or nutrient) blood flow or the pattern of vasomotion. The 
three methods which have been most commonly used are the microsphere technique, 
radioactive inert gas clearance method, and laser Doppler flowmetry. The advantages 
and limitations of these techniques will be briefly reviewed in the context of 
comparing with the two methods used in the present study, namely the in vivo 
videomicroscopy method and the hydrogen gas clearance method. 
In considering the blood flow through an organ or tissue, it is important to 
make a distinction between total and capillary blood flow. The total blood flow is the 
amount of arterial blood entering the organ or tissue, and should equal to the sum of 
the amount of venous blood and lymph leaving. Under most circumstances, the flow 
of lymph is small compared with blood flow, and therefore it is acceptable to equate 
arterial and venous blood flow. Total blood flow is what should be measured if 
production or uptake is being estimated. Capillary (or nutrient) blood flow is the 
fraction of total blood flow that exchanges with the tissue through the capillaries. It 
does not include the part flowing through the arterio-arterial and arterial-venous 
anastomoses. The determination of capillary blood flow is probably more relevant to 
the consideration of controls within an organ. 
Vasomotion is a local spontaneous rhythmic variation in microcirculatory 
blood flow (Intaglietta, 1981). These variations are believed to reflect spontaneous 
activity in the smooth muscle cells mainly in the terminal arterioles and the 
precapillary sphincters. They have been suggested to be involved in the regulation of 
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fluid exchange between the capillary bed and the surrounding tissue (Intaglietta, 1981; 
Bergh & Damber，1993). 
Measurement of total testicular blood flow 
The most direct approach of measuring total testicular blood flow is to 
cannulate the spermatic vein and measures it venous outflow (Setchell, 1970; Damber 
& Janson，1977). However it is technically difficult to obtain values which are of 
physiological significance because laparotomy performed to expose the testicular 
blood vessels reduces blood flow to the testis (Damber & Janson, 1977). Cannulation 
and ligation of the vein may also reduce blood flow by increasing the venous pressure 
and inducing arterial spasm due to the manipulation of blood vessels. Furthermore, 
there are problems of blood clotting and returning blood to the animals between 
measurements. This method has yielded much lower testicular blood flow than that 
obtained by other techniques (Table 1.1) probably as a result of the surgical 
procedures (Setchell, 1970; Damber & Janson, 1977). 
Friction flowmeter (JafFe & Free, 1972) (Table 1.1) and electromagnetic 
flowmeter (Noordhuizen-Stassen et al.，1983) have been used for the continuous 
monitoring of blood flow in the testicular artery of rats and pigs, respectively. The 
friction flowmeter operates at flow rates below the range detectable by electronic 
flowmeter and is especially designed for use in small animals. However, it has to be 
introduced into the circulation by cannulation of a blood vessel. The construction and 
surgical placement of the friction flowmeter are technically very demanding and not 
suitable for routine use. Also, clotting may occur inside the flowmeter unless the 
animal is injected with heparin. Although these flowmeters can be used for 
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continuous monitoring of the rate of blood flow, they can only applied to the 
measurement of a single large blood vessel. 
Table 1.1 Comparison of testicular blood flow rates obtained by different methods in 
anesthetized rats. 
Methods Testicular blood flow Reference 
(ml/lOOg/min) 
Direct venous cannulation* Damber & Janson，1977 
Friction flowmeter* i B Jaffe&Free, 1972 
23.4-24.5 Free & Tillson，1973 
[ � I ] iodoantipyrine 21.8-24.4 Waites, Setchell & Quinlan, 1973 
17.0-21.0 Setchell, Waites & Till，1964 
Tritiated water S I T Jaffe & Free，1972 — 
肪Rubidium i T S Goldman, 1961 
Radioactive m i c r o s p h e r e s D a m b e r & Janson, 1977 
19.5 Punjabi etal., 1984 
34.4 Wang et al., 1984 
^''Xenon clearance 1 2 2 ~ “ Wax’ 1971 
27.5-37 Einer-Jensen & Soofi，1974 
17.8 Damber & Janson，1977 
27.3 Pirke etal.，1982 
16.5-17.2 Pascual et al.，1989 
Hydrogen gas clearance 27.7 Au，1989 
• Total blood flow 
Measurement of capillary blood flow 
The soluble indicator fractionation (or dilution) technique has also been 
applied to the measurement of capillary (or tissue) blood flow in the testis (Setchell, 
1970). The theoretical basis of the technique (Sapirstein, 1958; Setchell & Linzell, 
« 
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1974) can be summarized as follows. The distribution of a soluble indicator among 
the organs follows the distribution of the cardiac output provided the indicator is 
homogeneously distributed and all tissues extract the same proportion of the indicator 
from the blood. Also, this is only true for a certain period when the indicators are 
maintained at a stable level in the organ. The indicator must equilibrate quickly 
between the venous blood and the tissue, and not be metabolized. In the 
measurement of testicular blood flow, indicators such as (Goldman, 1961), 
tritiated water (Setchell, Waites & Till，1964), 4-aminoantipyrine (Setchell & Waites， 
1964)，[i3il]-idoantipyrine (Waites, Setchell & Quinlan^ 1973) have been used. These 
studies yielded testicular blood flow rates comparable to those determined by other 
methods (Table 1.1). The main disadvantages of the method are the requirements to 
establish the equilibration time for the indicator and to determine the cardiac output 
(if absolute blood flow is required). Furthermore, only a single measurement can be 
made in each animal because the animal has to be killed to arrest the blood supply and 
to determine the content of the indicator in the tissue of interest (see reviews by 
Setchell, 1970; Setchell, Maddocks & Brooks，1994). 
The radiolabelled microsphere technique operates on the same principle as the 
soluble indicator fractionation method (Rudolph & Heymann，1972). Instead of using 
soluble indicators, radioactive microspheres are injected into the animals, and blood 
flow is determined from counting the radioactivity associated with the microspheres 
which become entrapped in the tissue. The use of this method in the measurement of 
testicular blood flow has previously been reported (Table 1.1 for references), but it 
does require cannulation of either the left side of the heart or the aorta above the 
testicular artery for the injection of microspheres. And if absolute values of blood 
A 
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flow are to be obtained instead of a fraction of the cardiac output, the cardiac output 
must be measured separately or arterial blood must be sampled at a known and 
constant rate from an artery near the tissue under investigation. Although several 
estimates can be made in an individual animal by using microspheres labelled with 
different isotopes, the method is expensive and does not allow for more than a few 
repeated measurements (see reviews by Damber & Jansen，1977; Setchell, Maddocks 
& Brooks, 1994). Furthermore, there are always the uncertainties of whether the 
microspheres are distributed according to the blood flow, and whether they are 
completely entrapped within the tissue. 
Laser Doppler flowmetry is a non-invasive method which gives a continuous 
measurement of blood flow. It is especially useful, like the flowmeters, to detect 
rapid changes in blood flow. However its principal disadvantage lies in the fact that it 
is only a semiquantitative method. The signals (i.e. Doppler shifts) generated from 
the measurements cannot be calibrated in absolute units of flow (Nilsson, 1984; 
Vongsavan & Matthews, 1993). The operating principle of the method is based on 
the fact that a colimated, monchromatic laser beam becomes diffusely scattered, 
partially absorbed and spectrally broadened in the tissue matrix. Spectral broadening 
is the result of single or multiple scattering of a portion of the incident photons by 
moving blood cells, generating single or successive shifts in the frequency of the light 
(i.e. Doppler shifts). A portion of the backscattered light, containing both Doppler-
shifted and unshifted light beams, is collected and monitored by a photodetector. The 
frequency and intensity of the Doppler shift, represented by the fluctuating portion of 
the photodetector signals, are related to the velocity and fractional volume of moving 
blood cells in the illuminated tissue volume. However, mulitple collisions between 
4 
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photons and moving cells will result in repeated Doppler shift and the generation of 
additional frequencies which tend to cause underestimation of blood flow and non-
linearity in the output signal. This is particular the case during vasoconstriction. In 
addition, this technique only allows the measurement of flow in a small area (1-2 
mm^) and to a depth of not more than 2 mm. The major contribution of this 
technique to the study of testicular blood flow is the demonstration of vasomotion in 
the microcirculation of the rat testis (Damber et al., 1983; Bergh & Damber，1993). 
Nevertheless, since no direct relationship exists between the changes in vasomotion 
and the total testicular blood flow, the physiological control and significance of 
testicular vasomotion remain unclear (see review by Bergh & Damber，1993). 
Another method commonly used for the determination of testicular blood flow 
is based on the measurement of the rate of clearance of radioactive inert gases (e.g. 
''krypton, '''xenon) (Table 1.1 for references). The radioactive gas is introduced into 
the testis either by direct injection into the testis (Damber & Janson, 1977) or by rapid 
injection of a solution of the gas into the testicular artery (Setchell，Waites & 
Thorbum, 1966; Einer-Jensen & Waites, 1977). The calculation of blood flow is 
based on the Pick principle (detailed in the "Materials and Method" section 2.4). The 
values obtained are in good agreement with those using other techniques, though with 
some variability reported by different groups (Table 1.1). In common with other 
blood flow determinations that depend on the clearance of an indicator, the method 
assumes that the tissue receives a homogeneous perfusion. This appears to hold true 
in the case of the testis (Damber & Janson, 1977; Au, 1989). The use of high 
molecular weight inert gases like krypton and xenon is associated with the difficulty 
of determining their lipid solubility and hence their partition coefficient between the 
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tissue and blood (see reveiws by Setchell, 1970; Damber & Janson，1977; Setchell, 
Maddocks & Brooks，1994). The use of radioactive gases is potentially hazardous, 
difficult to handle and costly; hence it is not suitable for use in a large scale study or 
involving repeated measurements. 
In the present study the clearance of hydrogen gas will be used in place of the 
radioactive inert gases for the measurement of testicular blood flow. This method has 
been successfully applied to the measurement of capillary blood flow in a number of 
tissues and organs including the myocardium, skeletal muscle (Aukland et al, 1964)， 
uterus (Klingenberg and Aukland, 1969), brain (Halsey et al.，1977)，stomach 
(Murakami et al., 1982), kidney (Nissenkom, et al.，1983)，liver (Goumma et al.， 
1986)，pancreas (DeMar et al, 1989)，periphery nerves (Low, Lagerlund and 
McManis, 1989), and small intestine (Leung, 1990). Its application to the 
measurement of blood flow in the rat testis was first described by Au (1989) (also 
detailed in the “Materials and Method，，section 2.3). When compared with the 
radioactive inert gas clearance method, it is less costly and simple to use. Due to the 
small molecular size and high diffusibility of hydrogen gas, its partition coefficient in 
all tissues that have been examined can be reliably taken as unity (Aukland, Bower & 
Berliner, 1964). Though the method does not give a continuous measurement of 
flow, determinations can be repeated by re-introducing the hydrogen gas through 
inhalation (Murakami et al, 1982). Unlike the use of laser Doppler flowmetry, an 
absolute value of tissue blood flow can be calculated. Although the use of hydrogen 
gas clearance (or radioactive inert gas clearance) to measure testicular capillary blood 
flow may lead to an underestimation due to the re-circulation of the hydrogen gas 
from the veins (i.e. pampiniform plexus) to the artery in the spermatic cord (Cross & 
« 
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Silver, 1962; Einer-Jensen, 1974; Setchell & Linzell, 1974)，the values obtained agree 
well with those determined using other techniques (Table 1.1). And even if the blood 
flow rates are underestimated, they may still be useful for comparing relative changes 
before and after treatments. Other limitations of the hydrogen gas clearance method 
also include (a) the measurement of blood flow only in superficial tissue layers that 
are in contact with the platinum electrode, (b) the trauma created by the insertion of 
the electrode may induce local changes in tissue blood flow, and (c) the requirement 
that blood flow remains relative stable during the entire period of measurement which 
usually lasts 10-15 minutes. 
Despite the fact that the hydrogen gas clearance method is simple to use for 
quantitative measurement of testicular blood flow, it does not provide a convenient 
mean for carrying out dose response studies and for pharmacological characterization 
of the vasoactive actions. Therefore the present study will also adopt a second 
approach of using the in vivo (or intravital) videomicroscopy method to study the 
reactivity of the testicular artery to the suffusion of vasoactive substances (i.e. 
adrenergic, serotonergic and cholinergic agonists and/or antagonists) (detailed in the 
'Material and Method" section 2.4). The application of the videomicroscopy method 
to the study of the testicular microcirculation has previously been reported and 
yielded information on changes in vasomotion, vascular leakage due to permeability 
increase (Damber et al, 1986) and blood flow characteristics in the surface veins 
(Nagler et al, 1987). Due to the special anatomical organization of the testicular 
vasculature, arterioles are not present on the surface of the testis (Weerasooriya & 
Yomamoto, 1985; Murakami et al., 1989)，thus leaving the testicular subcapsular 
artery as the next important blood vessel available for the study of blood flow control 
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in the testis. Though the use of isolated preparation of the rat testicular subcapsular 
artery has been reported (Waites, Archer & Langford，1975; Davis, 1992), it is not as 
physiological and sensitive to vasoactive agents as the in vivo system used in the 
present study (refer to ‘Discussion，）. The present approach allows a continuous 
quantitative monitoring of the testicular artery diameter to multiple doses of 
vasoactive agents (in the absence or presence of their antagonists) applied topically by 
suffusion, thus facilitating the pharmacological characterization of receptor types 
responsible for mediating their vasoactive actions. The application of tested 
substances (e.g. norepinephrine, serotonin, acetylcholine) to the artery by suffusion 
also corresponds to their perivascular localization inside the testis, and minimizes 
widespread systemic effects which may produce secondary changes in the testicular 
vascular beds. 
1.4 Control of testicular blood flow 
Testicular blood flow can be influenced by many factors such as temperature, 
mass of the seminiferous tubules, hormones, local factors and nerve innervation (see 
reviews by Setchell, 1970; Free, 1977; Setchell; 1978; Sharpe, 1986; Bergh & 
Damber, 1993). The testicular vasculature is relatively insensitive to acute changes in 
temperature unless it is raised to beyond the physiological range; only then the 
testicular blood flow will increase (Waites, Setchell & Quinlan，1973; Glode, 
Robinson & Horwitz，1984; Au, 1989; see reviews by Setchell, 1970; Bergh & 
Damber, 1993). In the rat, a general observation of a positive correlation between 
testicular blood flow and the degree of spermatogenesis has led to the suggestion that 
the mass of the seminiferous tubules is the main determinant of testis blood flow 
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(Setchell & Galil，1983; Wang, Galil & Setchell, 1983; Setchell, 1990). This is in line 
with what has been observed in seasonal breeders with the testicular blood flow 
positively related to the spermatogenic and androgenic activities of the testis (Joffre, 
1977). More recently in a study of bulls with normal and hypoplastic testes, the total 
blood flow to the testis has also been shown to correlate with the testicular mass 
(Kay, Grobbelaar & Hattingh，1992a). Although there is nothing unusual for a tissue 
to regulate its blood supply in accordance with the mass of metabolically active tissue 
as in the case of seminiferous tubules in the testis, such a "metabolic control" would 
be too simplistic unless fine tuning and/or local modulation are also possible through 
other control mechanisms. 
Among the few hormonal factors that influence testicular blood flow, the 
effect of LH (or hCG) appears most interesting since it stimulates Leydig cell 
steroidogenesis and increases blood flow (Damber & Janson, 1978b; Setchell & 
Sharpe, 1981; see reviews by Sharpe, 1983, 1986). However, the effect of hCG 
appears to be mediated via some local mechanism since the change in blood flow is 
biphasic with an initial decrease followed by an increase (Setchell & Sharpe, 1981; 
Widmark, Damber & Bergh，1989), and it takes place over a period of 6 to 24 hours 
after the injection. Furthermore, there is no evidence for LH/hCG receptors on 
testicular blood vessels, and the vascular effect ofhCG is dependent on the presence 
of the Leydig cell (Setchell & Rommerts, 1985). LHRH agonists can increase 
testicular blood flow like LH/hCG. Their effects also appear to be mediated through 
an activation of Leydig cell since the testicular blood flow increase is related to the 
stimulation of plasma testosterone (Widmark, Damber & Bergh，1986) and can be 
observed even in rats which have been hypophysectomized (Damber, Bergh & 
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Daehlin, 1984). FSH has no apparent effect on testicular blood flow (Bergh et al., 
1992). And more recently, testosterone has been shown to maintain testicular blood 
flow through an indirect mechanism (Damber et al., 1992). 
Common to other vascular beds, one important control component of the 
testicular blood flow is by nerve innervation, but the information currently available in 
this area is extremely scarce (Bergh & Damber，1993). The involvement of 
adrenergic, serotonergic and cholinergic mechanisms in the control of testicular blood 
flow will be examined in the present study, and the background to these areas of 
studies will be reviewed in the following sections. Nevertheless, it should be borne in 
mind that peptidergic nerves containing calcitonin gene-related peptide (Silverman & 
Kruger, 1988)，vasoactive intestinal peptide (Larson, 1977), neuropeptide Y (Allen, 
Wilson & MacDonald, 1989) and substance P (Aim et al., 1978)，also innervate the 
testicular blood vessels. Moreover, with recent interest in the local regulation of 
testicular functions (see review by Sharpe, 1990), a lot of paracrine factors 
synthesized locally within the testis or accumulated in the testis at higher 
concentrations than in peripheral blood, are known to be potent vasoactive agents. 
These include substances such as arginine vasopressin, oxytocin, angiotensin, atrial 
natriuretic factor, and endothelin (see review by Bergh and Damber, 1993). The 
importance of the peptidergic nerve innervation and the local factors in the regulation 
of testicular blood flow has yet to be determined. 
1.5 Adrenergic control in the testis 
1.5.1 Adrenergic innervation and source of catecholamines 
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The testis has been shown to be innervated by adrenergic nerves (see reviews 
by Hodson, 1970; Setchell, Maddocks & Brooks, 1994). In the rat, using a highly 
specific fluorescence method for histochemical demonstration of monoamines or 
immunohistochemical staining of tyrosine hydroxylase (an enzymatic marker of 
catecholamine synthesis), catecholaminergic nerves were found to accompany the 
testicular artery in the spermatic cord (Hodson, 1970; Santamaria et al.，1990) with 
their terminals coming into close association with blood vessels near the periphery 
and in the capsule of the testis (Norberg, Risley & Ungerstedt, 1967; Dayan, 1970; 
Bell & McLean, 1973; Santamaria et al.，1990; Rauchenwald, Steers & Desjardins， 
1995). The blood vessels penetrating the capsule around the rete testis appeared to 
be more densely innervated. Some adrenergic nerve fibres were observed to follow 
the larger blood vessels in major connective tissue strands and penetrate more deeply 
into the testis (Norberg, Risley & Ungerstedt，1967). Fine nerve fibres ramifying 
extensively over the mediastinum were occasionally seen to accompany fine blood 
vessels (Bell & McLean, 1973). Although some studies failed to demonstrate a direct 
innervation of the interstitial cells and the seminiferous tubules (Norberg, Risley & 
Ungerstedt, 1967; Dayan, 1970; Bell & McLean, 1973)，others were able to show 
nerve fibres running close to myoid cells surrounding the seminiferous tubules (Nistal, 
Paniagua & Abaurrea, 1982; Miyake, Yamamoto & Mitsuya，1986) and Leydig cells 
(Okkels & Sand, 1940), especially near the surface of the testis just beneath the 
capsule (see reviews by Hodson, 1970; Setchell, 1978; Setchell, Maddocks & 
Brooks, 1994). Catecholaminergic fibres were also shown to form a plexus in the 
albuginea covering the inferior pole of the rat testis. The endings of some of these 
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fibres were frequently seen to come into close contacts with the mast cells 
(Santamaria et al., 1990). 
Using spectrofluorometric technique, norepinephrine was chemically 
demonstrated in the rat testis (Zieher et al., 1971). More recently, a study reported 
the use of a sensitive radioenzymatic method to determine the distribution of 
catecholamines in the adult rat testis (Campos et al., 1990b). Norepinephrine was 
shown to be present in the testicular capsule, interstitial fluid, and interstitial cell 
preparations, but not in the seminiferous tubules. In contrast, epinephrine was 
undetectable in all testicular compartments. Surgical denervation by excising the 
superior spermatic nerves caused a significant decrease in the capsular content of 
norepinephrine, indicating its neuronal origin. The higher norepinephrine 
concentration in interstitial fluid than peripheral blood was suggested to have derived 
from adrenergic nerve terminals (Campos et al, 1990b). Therefore, it is possible that 
catecholamines spilt over from adrenergic nerves may diffuse throughout the 
interstitial compartment of the testis to act on blood vessels, Leydig cells and 
seminiferous tubules (Santamaria et al, 1990). Interestingly, the canine testis appears 
to have the ability to convert norepinephrine to epinephrine, and the conversion is 
stimulated by hCG (Moore & Eik-Nes, 1970). 
1.5.2 Regulation of testicular function 
A number of studies have indicated that catecholamines from the testicular 
innervation or circulating in blood are involved in the regulation of Leydig cell 
steroidogenesis. In vivo administration of epinephrine has generally been associated 
with a decrease in plasma testosterone concentrations (Damber & Janson, 1978b; 
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Gotz et al., 1983), but this may have been caused indirectly by a reduction in 
testicular blood flow (Damber & Janson，1978a,b). Selective denervation of the 
testicular parenchyma in adrenal demedullated rats abolished the acute increase of 
plasma testosterone in response to stressful stimuli (Frankel & Ryan，1981)， 
indicating the involvement of neural elements in regulating androgen production by 
Leydig cells. Direct evidence in support of an adrenergic regulation came from 
studies involving arterial perfusion of the dog testis in situ (Eik-Nes, 1969)，and 
monolayer cultures of rat (Cooke et al., 1982; Anakwe & Moger, 1986) or mouse 
(Moger, Murphy & Casper, 1982; Anakwe & Moger, 1984) Leydig cells, in which 
catecholamines (i.e. isoprenaline, epinephrine and norepinephrine) were shown to 
stimulate Leydig cell adenylate cyclase and testosterone production through a P2-
adrenoceptor-mediated pathway. In a recent study, long term treatment of rats with 
isoproterenol was shown to produce marked Leydig cell hypertrophy (Bergh et al.， 
1987). These observations are in good agreement with the presence of predominantly 
Pradrenoceptors on rat Leydig cells, as demonstrated using autoradiography and 
radioligand binding studies (Poyet & Labrie, 1987; Tolszczuk, Follea & Pelletier, 
1988). 
Besides affecting Leydig cell steroidogenesis, catecholamines stimulate cAMP 
production (Heindel, Steinberger & Strada，1981; Attramadal et al., 1984) and 
aromatization of testosterone to 17p-estradiol (Verhoeven, Dierickx & de Moor, 
1979) by immature rat Sertoli cells. Nevertheless, instead of producing their actions 
via P2-adrenoceptors as in the case of the Leydig cell, the catecholamine-induced 
cAMP increase in the Sertoli cell is coupled through Pradrenoceptors to activate 
adenylate cyclase (Heindel, Steinberger & Strada，1981). 
21 
Adrenergic innervation may control the passage of spermatozoa from the 
testis into the excurrent duct system of the male reproductive tract by regulating the 
contractility of the seminiferous tubules and the testicular capsule. In both human 
(Miyake et al., 1986) and rat (Miyake, Yamamoto & Mitsuya，1986) testes, 
contraction of the seminiferous tubules occurs in response to a-adrenergic 
stimulation, while activation of p-adrenoceptors produces relaxation. Isolated 
preparations of testicular capsule from rat (Davis, Langford & Kirby, 1970; Bell & 
McLean, 1973)，rabbit (Davis & Horowitz, 1979; Nemetallah & Ellis, 1983) and 
human (Rikimaru & Shirai，1972) contract when exposed to exogeneous 
norepinephrine and epinephrine suggesting that the adrenergic innervation is 
responsible for maintaining the capsular tone. 
1.5.3 Effect on testicular blood flow 
Norepinephrine and epinephrine appear to be vasoconstrictive on the testicular 
vasculature. In conscious rams, intra-arterial infusion of epinephrine or 
norepinephrine caused a severe reduction and even complete stoppage of testicular 
blood flow as determined using '^krypton clearance technique (Setchell, Waites & 
Thorbum, 1966). However when a-adrenoceptors were blocked by 
phenoxybenzamine, little effect was observed on blood flow, suggesting a low or 
complete absence of resting sympathetic tone in testicular blood vessels. When 
isoproterenol was infused, testicular blood flow increased indicating the presence of 
p-adrenoceptors in the testicular vasculature to mediate vasodilation. In the rat, local 
or systemic injections of norepinephrine and epinephrine produced a fall in testicular 
blood flow measured using a friction flowmeter, and their effects were linked to 
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increases of vascular resistance in the testicular artery, veins and arterioles (Free & 
JafFe, 1972; Free, 1977). Nevertheless, no significant changes in testicular blood flow 
(measured using radioactive microspheres) was also noted following norepinephrine 
or epinephrine infusion into the rat through the tail vein (Damber & Janson, 1978a). 
The disparity between the results of the two studies remains unclear but may be 
related to the systemic effect from the dose of catecholamines used. In the latter 
study, the arterial blood pressure increased to higher levels which could increase the 
blood flow to offset the fall caused by an increase in vascular resistance. Using laser 
Doppler flowmetry, an abolition of the vasomotion in the rat testicular vasculature 
was shown to occur in association with a decrease in blood flow produced by an 
acute intra-arterial injection of norepinephrine or epinephrine (Damber et al.，1982). 
Isolated preparations of the testicular artery from a number of animal species 
including the rat were shown to constrict in response to norepinephrine (Waites, 
Archer & Langford, 1975; Davis, 1992). Regional differences in the sensitivity of the 
testicular artery to norepinephrine was also noted with the less responsive segments 
lying closer to the testis (e.g. testicular subcapsular artery) (Waites, Archer & 
Langford, 1975). Since in these preparations, the norepinephrine-induced 
vasoconstriction was abolished in the presence of phentolamine, the norepinephrine 
effect was suggested to be mediated through a-adrenoceptors (Waites, Archer & 
Langford, 1975). 
1.6 Serotonergic control in the testis 
1.6.1 Serotonergic innervation and source of serotonin 
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The rat testis contains 5-HT (Zieher et al.，1971; Lombard-des Gouttes et al., 
1974) which may originate from a number of sources including serotonergic nerve 
fibres, uptake from blood, mast cells, and de novo synthesis. Using high pressure 
liquid chromatography, serotonin was detected in the testicular capsule, interstitial 
cells and interstitial fluid of the rat testis, but not in the tubular compartment (Campos 
et al., 1990a). The concentration of 5-HT in the interstitial fluid was significantly 
higher than that in the peripheral blood. Since the 5-HT content in the capsule and 
interstitial fluid fell after testicular denervation, it was concluded that part of the 
testicular 5-HT derived from a serotonergic innervation of the testis. The ability of 
adult rat testes to take up exogenous labelled 5-HT (Ellis et al.，1972; Hodgen & 
Gawienowski, 1972) has also led to the suggestion that testicular 5-HT may have 
been concentrated from the general circulation. Another possible source of testicular 
5-HT is from the mast cells which are present in considerable number in the vicinity of 
the testicular artery beneath the tunica albuginea (Sowerbutts, Jarvis & Setchell， 
1986; Gaytan et al., 1989). More recently, rat Leydig cells have been shown to 
contain and secrete 5-HT, and that 5-HT release is stimulated by LH/hCG (Tinajero 
et al, 1993). These findings may be correlated to the presence of monoamine oxidase 
activity - the enzyme that metabolizes 5-HT, in the interstitial cells of the rat testis 
(Ellis et al, 1972). 
1.6.2 Regulation of testicular functions 
5-HT has long been known for its damaging effect on the testis (see review by 
Uny & Ellis, 1977). Systemic administration of 5-HT in high doses caused testicular 
atrophy, presumably by virtue of the resulting ischaemia (Boccabella, Salgado & 
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Alger, 1962; O'Steen, 1963; Kormano, 1970a). Nevertheless, 5-HT has also been 
shown to inhibit androgen synthesis in the rat testis (Ellis, 1972) possibly through a 
direct action on the Leydig cell (Kalla, 1979). More recent studies indicate that the 
inhibitory action of testicular 5-HT on Leydig cell testosterone production is 
mediated through its autocrine activation of 5-HT2 receptor in the Leydig cell to 
stimulate the release of an anti-gonadal hormone - corticotrophin-releasing factor 
(CRF) (Tinajero, Fabbri & Dufau，1992; Dufau, Tinajero & Fabbri，1993). CRF, also 
secreted by the Leydig cell, functions as a potent negative regulator of LH action by 
inhibiting basal and LH-induced cAMP generation and steroidogenesis in the Leydig 
cell. CRF is also a primary stimulus of P-endorphin secretion by the Leydig cell, 
which in turn exerts paracrine inhibition of FSH action in the tubular compartment of 
the testis (Dufau, Tinajero & Fabbri，1993). Thus 5-HT forms part of a LH-5-HT-
CRF inhibitory loop which may serve to continuously buffer the gonadotrophin 
stimulation of androgen production and seminiferous tubular function. 
5-HT stimulates contractions of the testicular capsule (Hargrove et al., 1975; 
Nemetallah & Ellis, 1983) and seminiferous tubules (Urry & Ellis，1977)，and thus 
may assist sperm transport from the seminiferous tubules and rete testis into the 
epididymis. 5-HT is also partly responsible for producing the hCG-induced vascular 
permeability increase in the rat testis through a S-HT^ receptor-mediated mechanism 
(Sowerbutts, Jarvis & Setchell，1986). 
1.6.3 Effect on testicular blood flow 
Indirect evidence for a vasoconstrictive effect of 5-HT on the testicular 
vasculature came from a study showing the ability of a vasodilator to antagonize the 
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5-HT-induced testicular damage (Boccabella, Salgado & Alger, 1962). Using the 
technique of in vivo microangiography, Kormano (1970a) was able to directly show a 
marked vasoconstriction or even temporary total occlusion of the blood vessels in the 
testes of rats injected with 5-HT. Direct visualization of a 5-HT-induced dose 
dependent decrease in the vessel diameter has recently been reported for the rat 
isolated testicular subcapsular artery (Davis, 1992). The testicular blood vessels 
appear to be particularly sensitive to 5-HT since they respond to 5-HT at a lower 
concentration and with a more potent vasoconstriction than angiotensin II (Kormano, 
1970a), epinephrine/ norepinephrine (Free & Nguyen Due Kien, 1973; Davis, 1992)， 
or prostaglandins (Free & Nguyen Due Kien, 1973). 
5-HT produces a reduction in testicular blood flow (measured using a friction 
flowmeter) when injected into the spermatic vein suggesting that its major site of 
action is on the extratesticular portion of the spermatic artery (Free & Nguyen Due 
Kien, 1973). Intratesticular injection of 5-HT was shown to inhibit vasomotion and 
to reduce testicular blood flow measured using a laser Doppler probe (Collin, Damber 
& Bergh, 1994). Since testicular blood flow increases following an intratesticular 
injection of ketanserin (a specific 5-HT2 receptor antagonist), it can be concluded that 
the vasomotor effect of 5-HT is mediated through 5-HT2 receptors and the testicular 
blood vessels are under a continuous vasoconstrictor tone by serotonin (Collin, 
Damber & Bergh, 1994). 
1.7 Cholinergic control in the testis 
1.7.1 Cholinergic innervation and source of acetylcholine 
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Cholinergic innervation of the testis appears to be less abundant when 
compared with the adrenergic nerves (see reviews by Hodson, 1970; Setchell, 
Maddocks & Brooks, 1994). Using histochemical demonstration of 
acetylcholinesterase (AChE) activity as a marker, cholinergic nerves have been shown 
to be sparsely distributed in the non-mediastinal regions of the rat testicular capsule 
(Bell & McLean, 1973). In the mediastinum, the AChE-positive nerve plexus forms a 
broad network with fibres ending beneath the rete testis epithelium (Santamaria et al.， 
1990) and possibly also around the blood vessels in the region of the rete testis (Bell 
& McLe叫 1973). The tunica adventitia of the testicular subcapsular artery that runs 
along the epididymal border from the cranial to the caudal poles of the testis contains 
- a dense plexus of AChE-positive nerve fibres (Santamaria et al, 1990). In the course 
along the testicular artery, this nerve plexus gives rise to many other branches 
extending laterally over the testis. These branches in turn originate another series of 
branches running parallel to the long axis of the testis towards the two poles. These 
fibres come into close association with the smaller blood vessels of the capsule and 
the capsular smooth muscle fibres (Langford & Silver，1974). The AChE-positive 
nerve endings around the testicular artery appear more abundant before the artery 
enters into the parenchyma (Santamaria et al., 1990). 
A non-neuronal source of acetylcholine (ACh) appears to originate from the 
tubular compartment of the testis. ACh has been demonstrated in the cytoplasm of 
spermatozoa from a number of mammalian species, including the rat (Bishop et al., 
1976). An AChE-like enzyme has been found in spermatozoa (Chakraborty & 
Nelson, 1976). The gene encoding choline acetyltransferase (ChAT), the key enzyme 
in the synthesis of ACh, is expressed in rat testes. The mRNA of ChAT is localized 
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by in situ hybridization in the spermatocytes ancj spermatids of the seminiferous 
epithelium (Ibanez et al, 1991). 
1.7.2 Regulation of testicular functions 
Nicotinic cholinergic agonists inhibit androgen biosynthesis by cultured 
testicular cells from hypophysectomized rats, suggesting that ACh may be involved in 
the negative regulation of testicular steroidogenesis (Kasson & Hsueh，1985). A more 
recent study indicated that muscarinic as well as nicotinic receptor agonists were 
capable of inhibiting the basal and hCG-stimulated testosterone production by purified 
rat Leydig cells (Favaretto et al., 1993). In cultured Sertoli cells from immature 
hamsters, muscarinic (M2) receptors are involved in mediating the cholinergic 
inhibition ofFSH-induced cAMP accumulation (Davenport & Heindel, 1987). 
Isolated testicular capsules (Davis, Langford & Kirby, 1970; Bell & McLean， 
1973; Davis & Horowitz，1979; Nemetallah & Ellis，1983) and seminiferous tubules 
(Miyake, Yamamoto & Mitsuya^ 1986; Miyake et al, 1986) contract in response to 
acetylcholine. The cholinergic receptors in the seminiferous tubules have been shown 
to be muscarinic in nature (Miyake, Yamamoto & Mitsuya，1986; Miyake et al., 
1986). Thus a cholinergic mechanism may operate together with other forms of 
control (i.e. adrenergic and serotonergic control, reviewed earlier in Sections 1.6.2 
and 1.7.2) to regulate the propulsion of spermatozoa from the testis to the 
epididymis. 
Components of the acetylcholine-choline acetyltransferase-
acetylcholinesterase system are present in the tubular compartment of the testis 
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associated with the germ cells. The evidence thus, far indicates that they are more 
related to the regulation of sperm function (Chou et al., 1989). 
1,7.3 Effect on testicular blood flow 
Intra-arterial infusion of acetylcholine produced a slight and variable increase 
of the testicular blood flow in conscious rams (measured by ^^krypton gas clearance) 
only at a relatively high dose (Setchell et al, 1966). In the rat, a transient increase in 
testicular blood flow was recorded (using friction flowmeter) when acetylcholine was 
administered through the tail vein (Free & Jaffe，1972; Free, 1977). Since the effect 
was greatest through this route, these investigators proposed that the primary site of 
. acetylcholine action was the testicular artery in the spermatic cord rather than the 
testis vascular bed. It was further pointed out that the relatively weak stimulation of 
testicular blood flow by systemic administration of acetylcholine could be related to 
its depressor effect on the central blood pressure, thus reducing the testis blood 
pressure and flow (Free & Jaffe，1972). In another study, intravenous injections of 
acetylcholine into pigs were shown to have no effect on the testicular blood flow 
measured at the internal spermatic artery using an electromagnetic flow sensor 
(Noordhuizen-Stassen et al.，1983). 
More recently, there has been a preliminary report on the induction of 
vasodilation in the rat testis by electrical stimulation of the pelvic nerve (Steers, 
Rauchenwald & Desjardins，1993). Since the response could be abolished by 
atropine, it was proposed that there was a vasodilatory parasympathetic innervation 
of the testicular blood vessels, acting via the release of acetylcholine as the 
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neurotransmitter (Steers, Rauchenwald & Desjardi^s，1993; Rauchenwald, Steers & 
Desjardins, 1995). 
1.8 Aims of the study 
The broad aim of the present study is to examine the adrenergic, serotonergic 
and cholinergic control of testicular blood flow in the rat. Two approaches will be 
used which include (a) an in vivo videomicroscopy method to study the reactivity of 
the testicular subcapsular artery in situ to the suffusion of adrenergic, serotonergic 
and cholinergic agonists (in the absence or presence of specific antagonists), and (b) a 
hydrogen gas clearance method for the measurment of testicular capillary blood flow 
a following intratesticular injection of the tested agonists. The combination of these 
two approaches will allow the following specific aims to be achieved (a) to perform 
dose response studies for the agonist action on the testicular subcapsular artery, (b) to 
elucidate the receptor types for mediating the vasoactive effects using specific 
agonists and antagonists, and (c) to correlate the response of the testicular artery to 
changes in testicular capillary blood flow following intrastesticular injection. 
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2, Materials and methods . 
2.1 Animals 
Adult male Sprague-Dawley rats weighing between 400 to 450 g were used. 
They were maintained under a controlled environment of 21±2�C, humidity below 
75%, and a 12 h light (06:00h-18:00h)/12 h dark (18:00h-06:00h) cycle in the Animal 
House, The Chinese University of Hong Kong. The animals received rat chow and 
tap water ad libitum. Rats with regressed or under-developed testes were excluded 
from the studies. 
General preparation of the animals for experiments was as follows. The rat 
was anaesthetized with an intraperitoneal injection of sodium pentobarbital (Sigma, St 
Louis, MO, USA) at a dose of 50mg/kg body weight. Tracheostomy was performed 
for the insertion of a tracheal cannula (polythene tubing, 1.67 mm i.d., 2.42 mm o.d.， 
Portex, Kent, England) to provide a clear air passage for spontaneously breathing 
during the experiment. The common carotid artery (left or right, randomly selected) 
was cannulated with a polythene tubing (0.5 mm i.d., 1 mm o.d., Portex, Kent, 
England) connected to a pressure transducer (Model P23XL-1, Spectramed, Oxnard, 
CA, USA) placed at level of the heart for monitoring of the arterial blood pressure. The 
pressure transducer was calibrated against a mercury manometer and coupled to an 
amplifier (Model 7P122, Grass Instruments, Quincy, MA, USA) and a thermal chart 
recorder (Model WR7400 or WR7600，Graphtec Corporation, Tokyo, Japan) for 
continuous display of the blood pressure readings. The body temperature of the animal 
was maintained at 3TC by a heating pad connected to a temperature controller with 
servo-feedback control through a sensing thermistor probe placed in the oral cavity of 
the animal. The anaesthetized state of the animal was regularly monitored and a 
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maintainence dose of sodium pentobarital (10 mg/kg body weight) was given at about 
once every hour. 
2.2 Drugs and chemicals 
The following drugs were used: S(-)-atenolol, carbachol, 5-
carboxamidotryptamine maleate (5-CT), clonidine hydrochloride, dobutamine 
hydrochloride, p-fluoro analog of hexahydro-sila-difenidol 
hydrochloridehexamethonium dichloride (p-F-HHSiD), hexamethonium dichloride, 
(±)-8-hydroxy-2-(di-n-propylamino) tetralin hydrobromide ((±)-8-0H-DPAT), ICI-
118,551 hydrochloride, ketanserin tartrate, methiothepin mesylate, methoctramide 
tetrahydrochloride, (±)-2-methyl-5-hydroxytryptamine maleate, a-methyl-5-
hydroxytryptamine maleate, metoclopramide hydrochloride, phentolamine mesylate, 
phenylephrine hydrochloride, pirenzeprine dihydrochloride, rauwolscine 
hydrochloride, salbutamol hemisulfate, serotonin creatinine sulfate complex (Research 
Biochemicals Inc., Natick, MA, USA); atropine sulphate, (-) epinephrine bitartrate, 
norepinephrine dihydrochloride, propranolol (s)-(-), tropicamide, yohimbine 
hydrochloride (Sigma, St. Louis, MO, USA), prazosin hydrochloride (Pfizer, New 
York, USA) and sumatriptan succinate (a gift from Dr. B.M. Bain, Glaxo, Middlesex, 
UK). 
The drugs were either freshly prepared for each experiment by dissolving in 
10 mM phospha te-buffered saline (PBS, pH 7.4) or diluted using PBS from stable 
stock solutions. When norepinephrine and epinephrine were prepared, ascoitic acid 
(0.02 mg/ml) was always included to stablize the solution against oxidation. Serotonin 
was prepared by making up a lOmM stock solution in 20% glacial acetic acid with 
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subsequent dilutions performed using PBS. The final .concentration of the vehicles used 
for the various drugs were tested and shown to have no vasoactive effect on the testicular 
artery or blood flow. Drug solutions were stored on ice during the experiment. 
The following chemicals were used for preparing 10 mM phosphate-buffered 
saline (pH 7.4) and Krebs bicarbonate buffer (pH 7.4): sodium chloride (NaCl) 
(Sigma, St. Louis, MO, USA); potassium chloride (KCl), magnesium sulphate 
(MgS04), calcium chloride (CaCk), sodium hydrogen carbonate (NaHCOs), (Merck, 
Darmstadt, Germany); sodium dihydrogen orthophoshate (NaH2P04.2H20), glucose 
(BDH, Poole, England). All solutions were made up using deionized, double-distilled 
water. PBS had the following composition (in nM): NaH2P04.2H20 10，NaCl 145.3, 
pH adjusted to 7.4 by titration with 1 M NaOH. Krebs bicarbonate buffer had the 
following composition (in mM): NaCl 118, KCl 4.7，CaCb 2.56, MgS04 1.13, 
NaHCOs 25, glucose 11.1，pH adjusted to 7.4 by gassing with 5% C02/95% O2 . 
Bovine serum albumin (Fraction V, A-9647) was from Sigma Chemicals (St. Louis, 
MO, USA). 
2.3 In vivo videomicroscopy method 
An in vivo (or intravital) videomicroscopy method (Figure 2.1) was used to 
study the reactivity of the testicular subcapsular artery to the suffusion of various 
adrenergic, serotonergic and cholinergic agents. This anesthetized rat was placed in a 
supine position and its right testis exteriorized through a scrotal incision and placed 
inside a water-jacketed persplex chamber. The ambient temperature within the 
chamber was maintained at about 33�C by water circulating from a thermostat-



































































































































































































































region of the testicular capsule overlying one of the loops of the testicular subcapsular 
artery was teased apart using fine forceps to expose a short segment (about 5 mm) of 
the artery. The artery was freed from the underlying tissue and had the adhering 
connective tissue removed by teasing with fine forceps. A thin strip of white 
polystyrene sheet (2-3 mm wide) was then inserted underneath the artery to enhance 
its contrast against the background when viewed through the video microscope 
system. The artery was suffused at 1.4 ml/min with pre-warmed (33�C) Krebs 
bicarbonate buffer (pH 7.4, gassed with 5% C02/95% O2) delivered by a peristaltic 
pump (Model SM215, Atto Corporation, Tokyo, Japan) through a suffusion pipette. 
The pipette was constructed using a glass tubing (2.5 mm i.d., 20 cm long) wrapped 
around with a thermostat-controlled heating element (Technical Services Unit, The 
Chinese University of Hong Kong) to warm up the suffusing solution as it passed 
down its length. Through the inlet of the pipette, a small catheter (0.5 mm i.d., 1 mm 
o.d., Portex, Kent, England) connected to a syringe pump (Model 975A, Harvard 
Apparatus, South Natick, MA, USA) was inserted for delivering the solution of 
tested substance. This arrangement allowed adequate mixing of the tested substance 
with the Krebs bicarbonate buffer before being presented to the testicular artery. The 
flow rate of the tested substance delivered using a 1 ml glass syringe was adjusted so 
that there was a ten-fold dilution of its original concentration when it left the 
suffusion pipette. The application time of the tested substance was about 5 min or 
when a stable response of the testicular artery was obtained. 
The testicular subcapsular artery was visualized through a video microscope 
system as described by Koo & Liang (1979). The artery was illuminated by a cold 
light source (Intralux 4000，Volpi AG, Switzerland) and observed through a long-
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working-distance objective lens (Model M5x/0.1, Olympus, Tokyo, Japan) attached 
to a nose-piece focusing microscope (Model 3015T, American Optical). The image 
was captured by a low lux video camera (Model 4532/U, RCA, Lancaster, 
Pennsylvania, USA) through a microscope eyepiece lens (Model FK 2.5x, Olympus, 
Tokyo, Japan) and observed on a 9-inch video monitor (Model WV5350, National, 
Tokyo, Japan). The diameter of the artery was continuously quantified by a dynamic 
video dimension analyzer (DVDA, Model 101, BioMedCom Inc., Del Mar, CA, 
USA) which was interposed between the video camera and the video monitor. The 
DVDA generated a detection window and a reference window which were 
superimposed on the video image of the testicular artery, perpendicularly across its 
long axis. By adjusting the threshold, the detection window discriminated the dark 
colour of the artery against its background and counted the number of horizontal 
video lines occupied by the artery. Using a stage micrometer, this signal which was 
transformed into a voltage reading, was calibrated to give an absolute measure of the 
artery diameter. These data were continuously recorded on a thermal chart recorder 
(Model WR7400, Graphtec Corporation, Tokyo, Japan). 
At the start of each experiment, the artery was allowed to equilibrate by suffusion 
with Krebs bicarbonate buffer alone until its diameter registered a stable basal reading. 
This represented the near maximally dilated state of the artery as the addition of 10^ M 
papaverine resulted in less than 5% further increase in the vessel diameter. In studying the 
testicular artery response to vasoconstrictive agents, the difference between this basal 
reading and zero diameter of the blood vessel was taken as 100% which was then 
used in the percentage expression of diameter changes under the testing condition. 
However, when investigating the effect of vasodilatory substances, the testicular artery 
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was preconstricted with 3x10'^ ® M arginine vasopressin (AVP). The difference in 
vessel diameter between the basal and pre-constricted state was instead taken as 
100% and used in the percentage expression of subsequent increase above the pre-
constricted value. The tested substances were presented to the artery in increasing 
concentration with washing in between treatments with Krebs bicarbonate solution 
alone (for studies of vasoconstrictors), or Krebs bicarbonate buffer containing 3x10' 
M AVP (for studies of vasodilators) until the vessel diameter returned to its basal or 
pre-constricted value, respectively. When specific antagonists were tested, they were 
included in the suffusing Krebs bicarbonate buffer at a single concentration. 
2.4 Hydrogen gas clearance method 
The hydrogen gas clearance method (Figure 2.2) was used for the 
measurement of testicular capillary blood flow (TCBF). This application was first 
described by Au (1989). The anaesthetized rat was placed in a prone position and its 
left testis exteriorized through a scrotal incision. Care was taken to avoid exerting 
undue traction on the spermatic cord. The testis was positioned slightly below the 
level of body in a brass water-jacketed organ bath filled with phosphate-buffered 
saline (PBS, pH 7.4，containing 7% bovine serum albumin) and maintained at 33�C by 
water circulating from a thermostat-controlled water bath (Model RTE-210，Neslab, 
Newington, NH, USA). The level of PBS was adjusted to almost completely 
submerge the testis. The exposed part was then covered with a thin polyethylene 
sheet to reduce water and heat loss except for a tiny window (2x2 mm^) through 
which a small slit was made in the testicular capsule by a prick from a 25-gauge 












































































































































































































electrode (Type UHE-100, Unique Medical Co. Ltd., Japan) mounted on a 
micromanipulator (Model MP-2-R, Narishige Scientific Instruments Lab, Tokyo, 
Japan) was inserted and placed amongst the seminiferous tubules immediately beneath 
the surface of the testis to a depth of roughly 2 mm. Extreme precautions were taken 
not to damage any capillaries when creating the slit in the testicular capsule and 
inserting the electrode. Other studies have demonstrated that tissue trauma (e.g. 
haemorrhage) results in lower blood flow rates and strangely shaped clearance curves 
(Miller and Ng, 1981; DeMar et al, 1989). The site of electrode insertion was 
chosen such that it was away from the major blood vessels and on the lateral aspect of 
the testis approximately midway between the two poles. A calomel electrode (Type 
XJHE-001, Unique Medical Co. Ltd., Japan) was placed subcutaneously over the left 
thigh of the animal to serve as the reference electrode. The sensing and reference 
electrodes were connected to a polarographic and amplifying unit (Model PHG-201, 
Unique Medical Co. Ltd., Japan) from which the hydrogen gas current was output to 
a thermal chart recorder (Model WR7600, Gr^htec Corporation, Tokyo, Japan) and a 
computer (PC-XT, Sigma Design Inc., Fremont, CA, USA) fitted with a analog-
digital converter card for data display and storage. 
To initiate each measurement of TCBF, the rat was allowed to breathe 
hydrogen gas through an inverted funnel (3.5 cm diameter) positioned about 1 cm 
above the tracheal cannula. Inhalation was terminated by switching off the hydrogen 
gas supply and removing the funnel after a period (usually less than 10 sec) when a 
sharp rise in hydrogen gas current was observed. The hydrogen gas current was 
sampled every tenth second for 10 min using a custom-design computer programme 
(Technical Services Unit, The Chinese University of Hong Kong). The data from the 
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declining portion of the curve were stored and later plotted on a semilogarithmic scale 
against time (using SigmaPlot for DOS, ver. 5.0, Jandel Scientific Software, San 
Rafael, CA, USA) to determine the blood flow rate which was expressed in 
ml/100 gm testis weight/min. Details regarding the method of calculation are given 
later in the part on the "Principles of the Hydrogen Gas Clearance Method in the 
Measurement of Testicular Blood Flow". 
To study the effects of various adrenergic, serotonergic and cholinergic 
agonists on testicular capillary blood flow, they were given by intratesticular 
injections to avoid the complications arising from their systemic effects on the arterial 
blood pressure and other vascular beds. The injection was given in a volume of 10 \i\ 
under a stereo-zoom dissecting microscope (Olympus, Japan) using a 10 precision 
volume syringe (Hamilton; Reno, NV, USA) fitted with a 26-gauge needle. The use 
of intratesticular injection as a method of testing the effects of drugs on testicular 
function has been established by Russell and co-workers (1987). An injection volume 
of 50 lal or less does not cause the testis to become excessively turgid or result in a 
backflow of injected fluid (Free & Jaffe, 1972; Russel, Saxena & Weber, 1987). The 
distribution of injected substance as indicated by the spread of dye is about 2 cm from 
the site of injection in 5 min. The syringe needle was inserted at a point about 5 mm 
from the hydrogen gas sensing electrode, and at an angle and depth that put the tip of 
needle roughly at the centre of the testis in the vicinity immediately below the sensing 
electrode. The drugs were injected slowly over a period of 15 sec after which the 
needle was carefully withdrawn. TCBF was measured at regular intervals of 10，30, 
60，90 and 120 min post-injection. The data obtained were compared with the 
control flow rate determined from averaging at least three measurements made prior 
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to the injection. Repeated measurements of TCBF were achieved by the re-
application of hydrogen gas to the same animal after the hydrogen gas current 
returned to the baseline or was re-set to such an effect. 
Principles of the Hvdrogen Gas Clearance Method in the Measurment of Testicular 
Blood Flow 
The use of the inert gas clearance in the mesurement of tissue blood flow was 
pioneered by Kety (1951) and is based upon the Fick principle. This technique, as 
applied experimentally to hydrogen gas (H2), was first described by Aukland, Bower 
& Berliner (1964). The following summarizes the general principles of the method, 
the assumptions made, and the special considerations when applied to the blood flow 
measurement in the testis. 
The rate of dissipation of a highly diffusible, biologically inert gas such as H2 
from a homogeneously perfused tissue can be assumed to be solely determined by the 
rate of blood flow that carries the gas away. The requirement for a homogeneous 
perfusion of the tissue appears to have been met in the rat testis by the demonstration 
of a uniform distribution of injected microspheres to different regions of the testis 
(Damber and Janson, 1977) and a lack of regional differences in the blood flow rate 
to the mid-portion and the two poles of the testis (Au, 1989). Assuming that the 
specific gravity of the tissue equals to unity (hence tissue volume is equivalent to 
tissue weight) and that H2 (which is highly diffusible) in the tissue is in an 
instantaneous diffusion equilibrium with the arterio-venous difference of H2 in blood 
flowing through that tissue, the Fick principle can be applied to give: 
dCt/dt = (Ca - Cv) F (1) 
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where F is the blood flow rate in ml/min/g tissue, and Ct, Ca and Cv are the 
concentrations of H2 in the tissue (ml/g of tissue), and arterial and venous blood 
(ml/ml of blood), respectively. Also, assuming that H2 is completely cleared after a 
single passage through the lung and there is no re-breathing of H2，Ca then equals 
zero and the equation (1) becomes: 
dCt/dt = -CvF (2) 
In equilibrium, the ratio of Ct to Cv is constant at any time and represents the 
tissue-blood partition coefficient (X) in ml/g. The value of X for H2 has been taken as 
1 ml/g by several investigators working on different tissues (Aukland, Bower & 
Berliner, 1964; Murakami et al, 1982; DeMar et al, 1989), and is assumed to be 
same in the testis. The equation (2) therefore can be re-written as: 
dCt/dt = - C / F (3) 
Integration of the above equation (3) yields, 
a = CY.轻-Ft (4) 
where Cf and Ct are the tissue H2 concentrations at time zero and t, respectively. 
In the technique validated by Aukland, Bower & Berliner (1964) and now 
being adopted in the present study, a continuous measurement of tissue hydrogen 
concentration was achieved by means of a platinum electrode inserted into the tissue. 
Current generated at the surface of the platinum electrode by oxidation of molecular 
hydrogen to hydrogen ions and electrons (H2 一 2 i r + 2e) is proportional to the 
concentration. Hence C^  and C f c m be replaced by the electric current (i.e. hydrogen 
gas current) generated at the electrode, 1/ and If respectively, and the equation (4) 
becomes: 
I, = I , . 一 (5) 
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Logarithmic transformation of the above equation (5) gives. 
In (10 - ln(lO = -Ft (6) 
or 2.303 [log (10 - log (If)] = -Ft CO 
In the case of a monoexponential clearance of I t from the tissue, semilogarithmic plot 
of H2 current versus time gives a straight line with slope equals to -F/2.303. Or 
alternatively, the equation can be re-written to give F = 0.693/t/„ where ty. is the half-
time of H2 clearance. 
Most of the H2 clearance curves obtained in the testis are monoexponential 
(Figure 2.3), and the flow rates are calculated by multiplying the slope (k) of the 
regression line drawn from the semilogarithmic plot of H2 current versus time (in sec) 
by 2.303，by 100 (to convert the flow into ml/100 gm tissue), and by 60 (to express 
the flow rate on a time base of per min). 
Occasionally, the semilogarithmic plot yielded a curve which could be 
resolved into a fast and a slow component of H2 clearance by two compartmental 
analysis. The blood flow rate under such a condition can be calculated from the 
following equation: 
F = (8) 
where I. and If are the Y-intercepts of the slow and fast hydrogen gas current, 
respectively, and fi = 2.303.k. and f/= 2.303.k,，respectively. 
In the above calculation of the blood flow rate by plotting the H2 current 
versus time, the data in the initial 40 sec immediately after the peak was discarded 
because the arterial H2 concentration may still be significant (i.e. violating the 
assumption made in equation 2) from rebreathing of residual H2 in the lung. 
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Figure 2.3 Semilogarithmic plots of the hydrogen gas current against time 
with the straight lines indicating monoexponential clearance of H: at (A) 
noimal testicular capillary blood flow (TCBF) and (B) reduced TCBF 
(under the effect of norepinephrine). Insets indicate the actual hydrogen gas 
clearance curves for the respective (a) normal and (b) reduced TCBF. 
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2.5 Data and statistical analyses 
Data were expressed as mean±SEM. The concentration response curves of 
the testicular subcapsular artery to the various tested susbstances were constructed 
using a computer programme (GraFit ver 3.0) (Leatherbarrow, 1992) based on 4-
parameters logistics to obtain E腿，ECso and slope. E a^x represents the maximum 
constriction or dilation response of the testicular artery. ECso is defined as the 
effective concentration of the tested substance that produces a half maximum 
response of the testicular artery. 
Statistical analyses were performed using a commercially available software 
package (SigmaStat, Jandel Scientific Software, San Rafael, CA, USA). In 
determining the effect of a tested susbstance on TCBF, multiple comparisons versus a 
single control group (i.e. the pre-treatment flow rate) were performed by one-way 
analysis of variance (ANOVA) for repeated measures followed by Bonferroni t-test. 
Comparisons of means between two groups were made using unpaired t-test. 
« 
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3. Results . 
3.1 Adrenergic control 
3.1.1 Response of the testicular subcapsular artery to adrenergic agonists and 
antagonists 
Norepinephrine (NE) caused a concentration dependent constriction of the rat 
subcapsular testicular artery with an ECso of 1.9士O.lxlO." M and an E鎮 of 
44.34:0.8% reduction in the basal artery diameter (Figure 3.1, Table 3.1). 
Epinephrine (E) and phenylephrine (PE) gave parallel concentration response curves 
to NE with different ECso and slight variations in the E a^x (Figure 3.1，Table 3.1). 
Based on their ECso values, these three adrenergic agonists exhibited an apparent 
potency order of E> NE> PE (Table 3.1). Clonidine - an a2-adrenoceptor agonist, 
evoked a weaker response when compared with NE, E or PE. This was indicated by 
a significantly (P<0.001) lower E ^ of only 16.6±1.3% reduction in the basal artery 
diameter and a significant (P<0.005) decrease in the slope of the concentration 
response curves. 
The NE-induced constriction of the testicular artery was competitively 
antagonized by phentolamine (SxlO'^  M) which produced a parallel rightward shift of 
NE concentration response curve and raised the ECso of NE by 20-fold to 
3 9+0.8x10"' M (Figure 3.2, Table 3.2). Similar rightward displacement of the NE 
concentration response curve was observed in the presence of prazosin (lO"' M) or 
yohimbine (lO"" M) (Figure 3.3). Prazosin was more potent than yohimbine since it 
caused a greater displacement of the NE concentration response curve at 100 times 
lower concentration. Yohimbine significantly (P<0.005) reduced the 
(330+0.9%) of NE on the testicular artery without affecting the slope (1.01±0.06) of 
46 
& 
I f l ^ 
g 60 - 參 Norepinephrine (30) ^ 
H • Epinephrine (12) \ 
H 50 - V Phenylephrine (6) 工 
A Clonidine (6) Y $ 
40 -I 1 1 - 1 1 I I ‘ 
-9 -8 -7 -6 -5 -4 -3 
LOG MOLAR CONCENTRATION 
Figure 3.1 Concentration dependent constriction of the rat 
testicular subcapsular artery in response to norepinephrine, 
epinephrine, phenylephrine and clonidine. Data represent 
mean 土 SEM with the number of experiments in each 
treatment group indicated by the value in parentheses. 
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Table 3.1 Characteristics of the concentration response curves of 
norepinephrine and other adrenergic agonists in causing constriction of the 
rat testicular subcapsular artery. 
Treatment | ECsoCM) Slope (%) 
Norepinephrine 30 1.9±0.1xl0-' 0.95±0.05 44.3±0.8 
U±0.3X10-7** I.05±0.15 52.9±2.1 料* 
Phenylephrine 6 7.4士 LOxlO.?*** 0.82dtf).07 48.9±1.4* 
(ai agonist) 
Clonidine S.Stl.OxlO"^ * 0.57±0.10** 16.6土 1.3*** 
|| (CC2 agonist) J 
Data represent mean 土 SEM with the number of experiments in each 
^ e l S T ^ P indicated by the value of n. *P<0.025 **P<0.005, 
•**P<0.001 compared with norepinephrine treatment by unpaired t-test. 
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Figure 3.2 Concentration dependent constriction of the rat 
testicular subcapsular artery in response to norepinephrine 
(NE) alone or in the presence of 3x10-8 m phentolamine (a 
non-selective a-adrenoceptor antagonist). Data represent 
mean 土 SEM with the number of experiments in each 
treatment group indicated by the value in parentheses. 
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Figure 3.3 Concentration dependent constriction of the rat 
testicular subcapsular artery in response to norepinephrine (NE) 
alone or in the presence of 10.9 M prazosin (an ex�adrenoceptor 
antagonist) or ICH M yohimbine (an (^adrenoceptor 
antagonist). Data represent mean 土 SEM with the number of 




Table 3.2 Characterisitics of the concentration response curve of 
norepinephrine in producing constriction of the rat testicular subcapsular 
artery either alone or in the presence of specific a-adrenoceptor 
antagonists. 
I 1 1 1 
Treatment n ECso (M) Slope Emax (%) 
Norepinephrine 30 1.910.1x10-7 o.95±0.05 44.3±0.8 
Norepinephrine + 6 3.9±0.8xl0�* 0.99±0.08 52.9±1.8** 
3x10"® M Phentolamine 
(g antagonist) ； 
Norepinephrine + 7 8.4土 UxlO.?** 0.65±0.06** 45.012.0 
10-9 M Prazosin 
(ai antagonist) 
Norepinephrine + 6 3.410.2x10-7** i.01±0.06 38.0±0.9* 
10.7 M Yohimbine 
(a2 antagonist) I 
Data represent mean 土 SEM with the number of experiments in each 
treatment group indicated by the value of n. *P<0.005，•*P<0.001 compared 
with norepinephrine treatment alone by unpaired t-test. 
51 
't 
the response curve (Table 3.2). In contrast, prazosin did not significantly affect the 
E ^ of NE but caused a non-parallel shift of the NE concentration response curve 
reducing the slope to a value (0.65±0.06) insignificantly different from that of 
clonidine (0.57±0.10) (Table 3.1 and 3.2). 
In the presence of p-adrenoceptor antagonists (i.e. 10"'' M of propranolol, 
atenolol or ICI-118,551), the vasoconstrictive effect of NE on the testicular 
subcapsular artery was potentiated. This was indicated by parallel leftward 
displacements and significant (P<0.05) increases in the E«ax of the NE concentration 
response curve (Figure 3.4，Table 3.3). The potentiating effect of propranolol (a non-
selective P-adrenoceptor antagonist) appeared to be larger than that of either atenolol 
(a pi-adrenoceptor antagonist) or ICI-118,551 (a P2-adrenoceptor antagonist), as it 
produced greater changes in the and the E C 5 0 of NE concentration response 
curve. 
The suffusion of a - and p-adrenergic antagonists alone at the concentrations 
used in the above studies produced no significant changes in the diameter of the rat 
testicular subcapsular artery from its value recorded under the basal condition (data 
not shown). 
Dobutamine (a pi-adrenoceptor agonist) and salbutamol (a p2-adrenoceptor 
agonist) caused concentration dependent dilation of the testicular subcapsular artery 
that was pre-constricted by SxlO" '^ M arginine vasopressin (AVP) (Figure 3.5). 
Although they shared similar E^^ in antagonizing about 70% of the artery diameter 
decrease under the effect of AVP, the E C 5 0 of salbutamol (2.2土0.5x10-8 was 
about 10 times lower than that of dobutamine (3.0土O.lxlO.? M) (Table 3.4). 
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Figure 3.4 Concentration dependent constriction of the rat 
testicular subcapsular artery in response to norepinephrine alone or 
in the presence of KH M propranolol (a non-selective P-
adrenoceptor antagonist), KH M atenolol (a Pradrenoceptor 
antagonist) or ICH M ICI-118,551 (a p^-adrenoceptor antagonist). 
Data represent mean 土 SEM with the number of experiments m 




Table 3.3 Characteristics of the concentration response curve of 
norepinephrine in producing constriction of the rat testicular subcapsular 
artery either alone or in the presence of specific p-adrenoceptor antagonists. 
JJ — r = 
I Treatment n ECgo (M) Slope E a^x (%) 
Norepinephrine 30 L9±0.1xl0-^  0.95±0.05 44.3±0.8 
Norepinephrine + 6 l.OiO.lxlO"^ ** 0.781 .^03 55.0db0.8*** 
10.7 M Propranolol 
II (P antagonist) 
Norepinephrine + 6 1.3±0.1xl0-'** 0.86±0.07 52.5土 1.7*** 
10-7 M Atenolol 
I (Pi antagonist) 
Norepinephrine + 10 1.5±0.1xl0'' 0.91±0.06 47.8+1.3* 
10-''MICI-118,551 
II (p2 antagonist) 
Data represent mean 土 SEM with the number of experiments in each 
treatment group indicated by the value of n. *P<0.05, **P<0.005 
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Figure 3.5 Concentration dependent dilation of the rat 
testicular subcapsular artery (preconstricted by 3x10-i® M 
arginine vasopressin) in response to dobutamine (a P r 
adrenoceptor agonist) and salbutamol (a Pj-adrenoceptor 
agonist). Data represent mean 土 SEM with the number of 





Table 3.4 Characteristics of the concentration response curves of 
p-adrenoceptor agonists - dobutamine and salbutatnol, in causing dilation of 
the rat testicular subcapsular artery preconstricted by 3x10-^ ® M arginine 
vasopressin. 
I Treatment n ECso(M) Slope 隨(%) I 
3xlO_i0MAVP+ 6 3.010.1x10-7 0.89±0.01 70.810.2 
Dobutamine 
(Pi agonist) 
3x10-^ ® M AVP + 6 2.2±0.5xl0"^ 0.52±0.06 72.114.6 
Salbutamol 
I (P2 agonist) L = i _ L 1 
Data represent mean 土 SEM with the number of experiments in each 
treatment group indicated by the value of n. 
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Furthermore, the concentration response curve of salbutamol had a significantly 
(P<0.001) steeper slope than that of dobutamine. 
3.1.2 Effect of adrenergic agonists on testicular capillary blood flow 
The adrenergic agonists produced changes in TCBF which were in line with 
their vasoactive action on the testicular subcapsular artery. An intratesticular 
injection of lO"' mole norepinephrine, epinephrine, phenylephrine or clonidine, 
resulted in a significant fall in TCBF (P<0.01) which was already noted at 10 min 
post-injection, to be followed by a gradual recovery (Figure 3.6). The dose of 
agonists injected had no systemic effect on the arterial blood pressure and the heart 
rate of the animals (data not shown). The extent of the initial decrease in TCBF and 
the time it took to recover followed roughly the potency order of these adrenergic 
agonists on the testicular artery - E> NE> PE> clonidine. With the exception of 
epinephrine, the other treatments showed a complete recovery of the TCBF to values 
insignificantly different from the pre-treatment controls within the 120-min period of 
the pos t-injection recording (Figure 3.6). 
In line with a vasodilatory effect of P-adrenergic agonists on the testicular 
artery, an intratesticular of 3x10.9 動化 dobutamine or salbutamol, resulted in an 
immediate and significant (PO.Ol) rise in TCBF at 10 min post-injection (Figure 
3.7). The initial stimulation of TCBF by dobutamine appeared greater than that by 
salbutamol, but the effect of salbutamol was more long-lasting. After injection with 
salbutamol, the mean TCBF remained elevated throughout the 120-min period 
although statistically it recovered to a value insignificantly different from the 
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Figure 3.6 Changes of testicular capillary blood flow (TCBF) 
in rats following intratesticular injection of 10-8 mole 
norepinephrine, epinephrine, phenylephrine and clonidine. 
Data represent mean ± SEM with the number of experiments 
indicated at the base of the open bar. *P<0.05, **P<0.01 and 
***P<0.005, compared with the corresponding pre-treatment 
control value (0 min，indicated by the open bar) by one way 
ANOVA for repeated measures followed by Bonferroni t-test. 
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Figure 3.7 Changes of testicular capillary blood flow (TCBF) 
in rats following intratesticular injection of 3x10-9 mole 
dobutamine and salbutamol. Data represent mean 土 SEM 
with the number of experiments indicated at the base of the 
open bar. *P<0.01 and **P<0.005, compared with the 
corresponding pre-treatment control value (0 min, indicated 
by the open bar) by one way ANOVA for repeated measures 
followed by Bonferroni t-test. 
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pre-treatment control after 90 min. In contrast, dobyitamine induced a transient rise in 
TCBF which was followed by a complete recovery after 60 min. 
3.2 Serotonergic control 
3.2.1 Response of the testicular subcapsular artery to serotonergic agonists and 
antagonists 
Serotonin (5-HT) produced a concentration dependent constriction of the rat 
subcapsular testicular artery with an EC50 of 7.9±0.8xl0"^ M and an E 醒 of 
50.5土l.Qo/o reduction in the basal artery diameter (Figure 3.8, Table 3.5). The 
concentration response relationship of 5-HT on the testicular artery was almost 
identical to that of a-methyl-5-HT (a specific S-HTz receptor agonist). 
a-methyl-5-HT gave an EC50 of 6.3+0.5x10-' M and an E 組 of 51.5+0.6% (Figure 
3 . 8 ) . Comparisons of the EC50, E^ nax and slope between the concentration response 
curves of 5-HT and a-methyl-5-HT showed no statistical differences (P>0.05). In 
contrast to the more potent effects of 5-HT and a-methyl-S-HT, 
5-carboxamidotryptamine (5-CT, a specific 5-HTi receptor agonist) and 2-methyl-5-
HT (a specific 5-HT3 receptor agonist) evoked weaker constriction of the testicular 
artery (Figure 3.8). When compared with 5-HT, their Err^ were 50% lower 
(P<0.001), and their EC50 were 16- to 30-fold higher (P<0.001)(Table 3.5). Further 
studies using specific agonists to the 5-HTi receptor subtypes indicated that the effect 
of 5-CT could not be mimicked by (±)-8-hydroxy-dipropylaminotetralin [(±)-8-0H-
DPAT, a specific 5-HTIA receptor agonist] and sumatriptan (a specific 5-HTID 
receptor agonist). (±)-8-0H-DPAT produced a very small decrease (about 12%) in 
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Figure 3.8 Concentration dependent constriction of the rat 
testicular subcapsular artery in response to serotonin (5-HT)， 
a-methyl-serotonin (a-methyl-5HT, a S-HTj receptor agonist), 
5-carboxamidotryptamine (5-CT, a 5-HTi receptor agonist) 
and 2-methyl-serotonin (2-methyl-5-HT，a 5-HT3 receptor 
agonist). Data represent mean 土 SEM with the number of 
experiments in each treatment group indicated by the value in 
parentheses. 
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Table 3.5 Characteristics of the concentration response curves of the 
serotonin (5-HT) and other specific 5-HT receptor agonists in causing 
constriction of the rat testicular subcapsular arteiy. 
I Treatment n EC50 (M) Slope (%) 
5-HT ‘ 29 7.9±0.8xl0"' M L20±0.09 50.5士 1.0 
5-Carboxamidottyptamme 6 1.3±0.1xl0^M* 0.95±0.01 28.5±0.5* 
(5-HTi agonist) 
a-methylserotonin ~ 6.3±^).5xlO-« M 1.34±0.09 51.5±0.6 
(5-HT2 agonist) — 
2-methylserotonin T 2.6±0.4xl0^ M * 1.02±0.07 22.710.8* 
I (5-HT3 agonist) J L 
Data represent mean 土 SEM with the number of experiments in e ^ 
treatment group indicated by the value of n. *P<0.001 compared with 5-HT 
treatment by unpaired t-test. 
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the testicular artery diameter only at 10"^  M which was the highest concentration used 
8 
(Figure 3.9A). Sumatriptan when tested over a concentration range of 10" -10 M 
was devoided of any vasoactive effect on the testicular artery (Figure 3.9B). 
The 5-HT-induced constriction of the rat testicular artery was almost entirely 
abolished in the presence of 10'® M methiothepin (a non-selective 5-HT receptor 
antagonist), and the EC50, Emax and slope of the resulting 5-HT concentration 
response curve could not be determined (Figure 3.10). Ketanserin (a specific 5-HT2 
receptor antagonist) at 10'^  M concentration produced a non-competitive inhibition of 
5-HT. This was evidenced by a non-parallel rightward displacment of the 5-HT 
concentration response curve and a significant (P<0.001) lowering of the E ^ to 75% 
of its original value (Figure 3.11A, Table 3.6). A similar pattern of non-competitive 
inhibition was observed when the concentration response relationship of 
a-methyl-5-HT was studied in the presence of ketanserin M) (Figure 3.1 IB). 
However, when propranolol and metoclopramide were used as specific 5-HTi and 
5-HT3 receptor antagonist respectively at a hundred times higher concentration (i.e. 
10"^  M) than ketanserin, they failed to produce any significant changes in the testicular 
artery response to 5-HT (Figure 3.12). In their presence or absence, no significant 
differences could be detected in the E讓，ECso and slope of the 5-HT concentration 
response curve (Table 3.6). 
The suffusion of serotonergic antagonists alone at the concentrations used in 
the above studies had no significant effect in changing the diameter of the rat 
testicular subcapsular artery from its value recorded under the basal condition (data 
not shown). 
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Figure 3.9 Response of the rat testicular subcapsular artery 
to (A) (±)-8-hydroxy-dipropylaminotetralin [ (土 )_8 -OH-
D P A T , a 5-HTIA receptor agonist)]，and (B) sumatriptan (a 5-
HTID receptor agonist). The concentration response curve of 
5-carboxamidotryptamine (5-CT) was included as a reference 
for comparison. Data represent mean 土 SEM with the number 
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Figure 3.10 Effect of 10-8 m methiothepin (a non-selective 
5-HT receptor antagonist) on the vasoconstrictive response of 
the rat testicular subcapsular artery to serotonin (5-HT). Data 
represent mean 土 SEM with the number of experiments in 
each treatment group indicated by the value in parentheses. 
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Figure 3.11 Effect of 10.8 M ketanserin (a S-HTj receptor 
antagonist) on the vasoconstrictive response of the rat 
testicular subcapsular artery to (A) serotonin (5-HT) and (B) 
a-methyl-5-HT. Data represent mean 土 SEM with the number 
of experiments in each treatment group indicated by the value 
in parentheses. 
6 6 
(A) 和 I H 
i r - \ 
呂 一 • 5-HT (29) • ® O 
u 40 -
^ O 5-HT+lO-^M Propranolol (6) 
S 
20 ~ I 1 1 1 1 1 




2 ^ • 5-HT (29) • 胃 -
u 40 -
P O 5-HT + 1 M Metoclopramide (6) 
CO 
20 ~ r ~ — I 1 1 1 \ 
-9 -8 -7 -6 -5 -4 
LOG MOLAR CONCENTRATION 
Figure 3.12 Effects of (A) 10-^  M propranolol (a 5-HTi 
receptor antagonist) and (B) 10-6 m metoclopramide (a 5-HT3 
receptor antagonist) on the vasoconstrictive response of the 
rat testicular subcapsular artery to serotonin (5-HT). Data 
represent mean 土 SEM with the number of experiments in 
each treatment group indicated by the value in parentheses. 
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Table 3.6 Characteristics of the concentration response curves of 
serotonin (5-HT) and a-methyl-5-HT in producing constriction of the rat 
testicular subcapsular artery either alone or in the presence of specific 
5-HT receptor antagonists. 
— 
I I 
Treatment n EC50 (M) Slope (%) 
5-HT 29 7.9±0.8X10-8 M L20±0.09 50.5土 1.0 
5-HT + 6 5.2±0.5xl0-' M 1.21±0.13 51.7 士 1.3 
10"^  M Propranolol 
(5-HTi antagonist) ； 
5-HT + 6 2.010.1x10-7 M * * * o.73±0.01* 38.9±0.3*** 
lO'^MKetanserin 
(5-HT2 antagonist) 
5-HT + 6 5.7±0.8xl0- 'M 0.93±0.07 49.0土1.1 
10^ M Metoclopramide 
(5-HT3 antagonist) 
a-methyl-5-HT 6 6.3±0.5xl0-^ M 1.34±0.09 5 1 . 5 1 0 6 _ 
a-methyl-5-HT+ ~ 3.0±0.1xl0-^ M * * * 0.96±0.04** 34.0±0.4*** 
I 10.8 M Ketanserin 
1' 
Data represent mean 士 SEM with the number of experiments in each 
S l S S T o u p indicated by the value of n. *P<0.025，**P<0.005， 
***p<0.001 compared with the corresponding 5-HT or a-methyl-5-HT 
treatment alone by unpaired t-test. 
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In view of the possible involvement of a-adrenergic mechanism in mediating 
the vasoconstrictive action of 5-HT (Vanhoutte, Cohen & Van Nueten, 1984; 
Marwood, 1988), specific a-adrenergic antagonists were tested for their effects in 
antagonizing the response of the rat testicular subcapsular artery to 5-HT. 
Phentolamine (a non-selective a-adrenoceptor antagonist) at 10"^  M, produced a 
parallel rightward displacement of the 5-HT concentration response curve raising the 
ECso of 5-HT by 4-fold to 3.1±0.5xl0''' M without significantly altering the Emax 
(Figure 3.13, Table 3.7). However, when the same concentration (10"^ M) of 
prazosin (a specific ai-adrenoceptor antagonist) or rauwolscine (a specific 
a2-adrenoceptor antagonist) was used in place of phentolamine, neither of them 
produced any significant changes of the 5-HT concentration response curve (Figure 
3.13, Table 3.7). 
Furthermore, since ketanserin has been reported to possess a-adrenergic 
blocking activity (Van Nueten et al.，1981; Marwood & Stokes, 1984)，it could 
therefore antagonize the effect of a-adrenergic agonists and cause inhibition of the 
5-HT effect i f it was mediated through a-adrenergic mechanism. This was being 
tested in the present study by examining the effect of ketanserin on the NE-induced 
constriction of the rat testicular subcapsular artery. Results indicated that the NE 
concentration response curve was not significantly affected by ketanserin (Figure 
3.14，Table 3.8) at the concentration that had previously been shown to cause non-
competitive inhibition of the 5-HT effect (Figure 3.11) on the same blood vessel. 
3 2.2 Effect of serotonergic agonists on testicular capillary blood flow 
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Figure 3.13 Effects of 10.6 M phentolamine (a non-selective a -
adrenoceptor antagonist)，10"^ M prazosin (an a radrenoceptor 
antagonist) and 10"^  M rauwolscine (an ocj-adrenoceptor 
antagonist) on the vasoconstrictive response of the rat testicular 
subcapsular artery to serotonin (5-HT). Data represent mean 土 
SEM with the number of experiments in each treatment group 
indicated by the value in parentheses. 
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Table 3.7 Characteristics of the serotonin (5-HT) concentration response 
curve in producing constriction of the rat testicular subcapsular artery either 
alone or in the presence of specific a-adrenoceptor antagonists. 
II I I 
II Treatment | n ECso(M) Slope E細x(%) 
5-HT 29 7.9±0.8xl0"^ M 1.20±0.09 50.5±L0 
5 - H T + ~ 6 3.1±0.5xl0-^M* 1.04±0.11 46.8土 1.8 
10"^  M Phentolamine 
I (g-antagonist) 
5 - H T + ~ 6 6.410.6x10-8 M i.08±0.10 50.110.8 
10^ M Prazosin 
II (ai-antagonist) 
5-HT+ 6 6.6±0.9xl0-' M 1.39±0.13 52.7士1.2 
10"^  M Rauwolscine 
II (a2-antagomst) 
Data represent mean 土 SEM with the number of experiments in each 
treatment group indicated by the value of n. *P<0.001，compared with 5-HT 
treatment alone by unpaired t-test. 
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Figure 3.14 Effect of 10.8 M ketanserin on the 
vasoconstrictive response of the rat testicular subcapsular 
artery to norepinephrine. Data represent mean 土 SEM with the 
number of experiments in each treatment group indicated by 
the value in parentheses. 
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Table 3.8 Characteristics of the norepinephrine (NE) concentration 
response curve in producing constriction of the rat testicular subcapsular 
artery either alone or in the presence of ketanserin. 
Treatment | n | EQo(M) Slope ^ ^ (%) 
^ 30 1.9+0.1x10'' M 0.95±0.05 44.3±0.8 
T " 1.610.1x10-7 M i.06±0.01 45.0±0.3 
10-8 M Ketanserin I I 
Data represent mean 士 SEM with the number of experiments in each 
treatment group indicated by the value of n. No significant differences could 
be detected between the NE treatment alone and in the presence of 
ketanserin. 
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With the exception of 5-CT, intratesticular jnjection of 10'"^  mole 5-HT, a-
methyl-5-HT or 2-methyl-5-HT produced a fall in TCBF (Figure 3.15) without any 
systemic effect on the blood pressure and heart rate of the animals. The maximum 
effect on TCBF was immediately evident at 10 min post-injection. Among them, 2-
methyl-5-HT appeared to be the least potent producing only a 40% decrease in 
TCBF. In the study with a-methyl-5-HT, TCBF was taken as zero at 10 min 
post-injection due to the failure in all the experiments to detect any clearance of H2 
gas from the tissue. Unlike the transient effect of 5-HT and 2 - m e t h y l - 5 - H T in 
producing a significant decrease in TCBF only at 10 min post-injection, the effect of 
a-methyl-5-HT was more prolonged and the recovery of TCBF occurred 90 min after 
the injection. 
Initial studies (data not shown) with an intratesticular injection of lO—? mole 
5-CT indicated that it had a systemic effect in causing a rapid fall in the arterial blood 
pressure of the rats. During the period when the rats were hypotensive, TCBF also 
fell. However, invariably at 30-60 min post-injection, TCBF was notably elevated. 
The data presented here (Figure 3.15) showed the effect of injecting 3x10.1。mole 5-
CT which was tested to be the highest possible dose without systemic effect on the 
arterial blood pressure. Instead of producing a fall in TCBF as might be expected 
from its constrictive effect on the testicular artery, a small and yet significant (P<0.05) 
increase in TCBF was observed at 30 min post-injection. When the effect of 5-CT 
was further examined using agonists to the subtypes of 5-HTi receptor, neither 
(±)-8-0H-DPAT (a specific 5-HTIA receptor agonist) nor sumatriptan (a specific 
5-HTID receptor agonist) could reproduce the effect of 5-CT in causing an increase in 
TCBF (Figure 3.16). At the doses they were being tested，there was no significant 
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Figure 3.15 Changes of testicular capillary blood flow (TCBF) 
in rats following intratesticular injection of KH mole serotonin 
(5 HT) 3x10-10 mole 5-carboxamidotryptamine (5-CT)，10-
mole a-methylserotonin (a-methyl-5-HT) and KH mole 2-
methylserotonin (2 -methy l -5 .HT) . Data represent mean 土 SEM 
with the number of experiments in each treatment group 
indicated at the base of the open bar. *P<0.05, **P<0.01 and 
***p<o 005 compared with the corresponding pre-treatment 
control value (0 min, indicated by the open bar) by one way ANOVA for repeated measures followed by Bonferroni t-test. 
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effect on TCBF. Preliminary studies indicated that using a higher dose of 
(±)-8-0H-DPAT than 10'® mole (i.e. 10"^  mole) produced a similar systemic effect as 
5-CT in lowering the blood pressure of the animals. The dose of sumatriptan was 
chosen to render it comparable to earlier studies of the agonist effects of 5-HT, 
a-methyl-5-HT and 2-methyl-5-HT on the TCBF. 
3.3 Cholinergic control 
3.3.1 Response of the testicular subcapsular artery to cholinergic agonists and 
antagonists 
Acetylcholine was tested and shown to cause dilation of the rat testicular 
subcapsular artery which was pre-constricted by SxlO]。M AVP (data not shown). 
However, its effect was rather weak and sometimes not reproducible, so the studies 
reported here were performed using the synthetic cholinergic agonist - carbachol. 
Carbachol produced a concentration dependent dilation of the testicular subcapsular 
artery with an EC50 of 7.0±0.6xl0-^ M and an E � of79.1±L2% recovery of the pre-
constriction induced by 3x10"^ ^ M AVP (Figure 3.17，Table 3.9). 
The response of the testicular artery to carbachol was not antagonized in the 
presence of 1 0 M hexamethonium (a specific nicotininc receptor antagonist) which 
caused no significant alteration in the concentration response curve of carbachol 
(including E„ux and slope) apart from depressing the E C 5 0 of carbachol to 
4 0 + 0 . 7 x 1 0 " ' M (P<0.01) (Figure 3.17，Table 3.9). When atropine (a specific 
muscarinic receptor antagonist) was used at a hundred times lower concentration 
(10-8 than hexamethonium, it gave a non-competitive inhibition of the testicular 
artery response to carbachol. There was a rightward displacement of the carbachol 
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Figure 3.16 Changes of testicular capillary blood flow 
(TCBF) in rats following intratesticular injection of 10.8 mole 
k ) 8-OH-DPAT (a specific 5-HTIA receptor agonist) and 10. 
mole sumatriptan (a specific 5-HTID receptor agonist). Data 
represent mean 土 SEM with the number of experiments m each 
treatment grouplndicated at the base of the open bar. The open 
bars indicate the control TCBF before treatment Statistical test 
using one way ANOVA for repeated measures followed by 
Bonferroni t-test showed no significant difference in the 
TCBF before and after treatment. 
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Figure 3.17 Concentration dependent dilation of the rat 
testicular subcapsular artery (preconstricted by 3 x 1 0 - 1 � m 
arginine vasopressin) in response to carbachol alone or in the 
presence of 10"^  M hexamethonium (a specific nicotinic 
receptor antagonist). Data represent mean ± SEM with the 
number of experiments in each treatment group indicated by the 
value in parentheses. 
7 8 
concentration response curve with a significant (?<0.01) reduction in Emax and a 
significant (P<0.001) increase in EC50 by 4.5-fold to 3 . 2 土 M (Figure 3.18， 
Table 3.9). 
Further studies using specific antagonists to the muscarinic receptor subtypes 
indicated that 3x10.7 乂 pirenzepine (a specific M i receptor antagonist) and 10"'' M 
p-fluoro analog of hexahydro-sila-difenidol hydrochloride (p-F-HHSiD) gave parallel 
rightward displacement of the carbachol concentration response curve and, 
significantly (P<0.001) elevating the EC50 of carbachol (Figure 3.19 & 3.20，Table 
3.9). Their antagonism appeared to be competitive since the E a^x of carbachol was 
not significantly depressed. Studies using methoctramine (a specific M2 receptor 
antagonist) and tropicamide (a specific M4 receptor antagonist) indicated that neither 
of them at 10"^  M concentration were effective in evoking any significant alterations 
in the ECso and Er^ of the carbachol concentration response curve (Figure 3.21, 
Table 3.9). 
3 3 2 Effect of cholinergic agonist on testicular capillary blood flow 
Preliminary experiments indicated that acetylcholine was without any 
significant effect on the TCBF even when used a dose of 10"^  mole. Subsequent 
studies therefore employed carbachol at a dose that had no systemic effect following 
intratesticular injection. Results showed that lO." mole carbachol induced a small but 
significant (P<0.05) transient increase in TCBF at 10 min post-injection，after which 
TCBF gradually recovered to the pre-injection control levels (Figure 3.22). Due to 
the non-availability of specific agonists to the various muscarinic receptor subtypes, 
only the effect of carbachol was examined. 
79 
• Carbachol (7) 
A Carbachol + 10-8 m Atropine (6) 
I I 8 0 - ^ 
雞:： / / 
1： ^ 
I \ r 1 1 ‘ 
.8 -7 -6 -5 -4 -3 
LOG MOLAR CONCENTRATION 
Figure 3.18 Concentration dependent dilation of the rat 
testicular subcapsular artery (preconstricted by 3x10-1�m 
arginine vasopressin) in response to carbachol alone or in the 
presence of 10-8 m atropine (a specific muscarinic receptor 
antagonist). Data represent mean 土 SEM with the number of 
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Figure 3 19 Concentration dependent dilation of the rat 
t e s t i c u l a r • subcapsular artery (preconstricted by 3xlO-i� 
arginine vasopressin) in response to carbachol alone or in the 
presence of 3x10-7 m pirenzepine (a specific M^ receptor 
Lagonist). Data represent mean 土 SEM with the number of 
experiments in each treatment group indicated by the value m 
parentheses. 
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Figure 3.20 Concentration dependent dilation of the rat 
testicular subcapsular artery (preconstricted by 3 x 1 0 - i � M 
arginine vasopressin) in response to carbachol alone or in the 
presence 10-7 m p-F-HHSiD (a specific M3 receptor 
antagonist). Data represent mean 土 SEM with the number of 
experiments in each treatment group indicated by the value in 
parentheses. 
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Figure 3 21 Effect of (A) lO"^  M methoctramine (a specific 
M, receptor antagonist) and (B) 10"^  M tropicamide (a specific 
M, receptor antagonist) on the vasodilatory response of the rat 
testicular subcapsular artery to carbachol. Data represent 
mean 土 SEM with the number of experiments in each 
treatment group indicated by the value in parentheses. 
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Table 3.9 Characteristics of the concentration response curve of carbachol 
in producing dilation of the rat testicular subcapsular artery either alone or 
in the presence of specific cholinergic antagonists. 
1 Treatment | n ECsoCM) Slope J 
Carbachol 7 7 . 0 ± 0 . 6 x l 0 - ' M ~ 0.97 土0.07 79.1土 1.2 
Carbachol + 6 4,0±0.7xl0-' M * * L 1 0 ± 0 . 1 7 74.0±2.3 
10"^ M Hexamethonium 
fNicotinic antagonist) 
Carbachol r 6 3.2±0.5xl0"^ M * * * 0.89±0.11 69.4±2.7** 
10-8 M Atropine 
(Muscarinic antagonist) — 
Carbachol + 6 2.1±0.4xl0"^ M * * * 0.78土0.15 74.0土6.4 
3x10-7 M pirenzepine 
( C 二 b S r ， ) ~ 5.9±0.3X10-7 M 0 . 8 1 土0.03 76.7土0.92 
I 10"^ M Methoctramine 
( ( j ^ b S f t) T " 3 .0±0.4X10-M*** 1.15土0.14 74.3±2力 
10-7 M p-F-HHSiD 
二 。 f t ) 
10"^ M Tropicamide 
I (Ml antagonist� I I I I 丨丨 
Data represent mean 土 SEM with the number of 二 = 
treatment group indicated by the value of n. *P<0.05 **P<0:01 
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Figure 3.22 Changes of testicular capillary blood flow 
(TCBF) in rats following intratesticular injection of 
carbachol. Data represent mean ± SEM with the number of 
experiments indicated at the base of the open bar. *P<0.05’ 
compared with the pre-treatment control value (0 mm 
indicated by the open bar) by one way ANOVA for repeated 
measures followed by Bonferroni t-test. 
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4. Discussion 
In this study, the control of testicular blood flow by adrenergic, serotonergic 
and cholinergic mechanisms was being investigated. Specific agonists and antagonists 
were used for the pharmacological characterization of the receptor types responsible 
for mediating their vasoactive actions. 
4.1 Adrenergic control 
Both norepinephrine (NE) and epinephrine (E) produced concentration 
dependent constriction of the testicular subcapsular artery. The ECso value of NE is 
similar to that reported for its vasoconstrictive action on arteries elsewhere in other 
vascular systems (Table 4.1). 
Table 4.1 Comparing the ECso values of NE in inducing constriction of the rat 
testicular subcapsular artery (obtained in the present study, shown in italics) and 
arteries from other vascular beds. 
r species/blood vessel ECso references ° 
1 9vlO'*lVrAgrawal, Triggle & Daniel, 1984 
rat mesenteric artery i .zxiu ivi 
… o OYIO"^  M Abel &Miimeman, 1986 
I rat caudal artery & M 
rat testicular subcapsular artery (in situ) 1.9x1 (T^M 
monkey cerebral artery 2.0x10.7 M Toda,i983 
rat testicular subcapsular artery (m vitro) 4.8x10"^ M Davis, 1992 
I . ^Avin '^M Pontes, Ribeiro & Macedo, 1986 
I human utenne artery 柳 。 M J 
The present finding is consistent with earlier reports demonstrating a 
vasoconstrictive effect of NE on the rat isolated testicular subcapsular artery (Waites, 
Archer，Langford, 1975; Davis, 1992). However, in the in vitro condition the 
sensitivity of the isolated testicular artery to NE appears to be lower, and that may 
account for a higher EC50 (Table 4.1) and a lower E啦乂 (31.4%) for the NE 
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concentration response curve reported by Davis (1992), and the suggestion that this 
region of the testicular artery is relatively insensitive to NE (Waites, Archer & 
Langford, 1975). 
The effect of NE on the testicular artery appears to be mediated through 
a-adrenoceptors since phentolamine produces a parallel rightward displacement of 
the NE concentration response curve. This agrees with an earlier report on the ability 
of phentolamine to abolish the NE-induced vascular resistance increase in isolated 
segments of the rat testicular subcapsular artery (Waites, Archer & Langford，1975). 
Since the NE and E concentration response curves are parallel to that of 
phenylephrine - ai-adrenoceptor agonist, but not clonidine • a2-adrenoceptor agonist, 
it further suggests that the effects of NE and E are mainly mediated through 
ai-adrenoceptors. This is supported by the ability of prazosin (a specific oti-
adrenergic antagonist) to cause rightward displacement of the NE concentration 
response curve at a low concentration of lO"" M. The NE concentration response 
curve in the presence of prazosin is similar in slope to that of clonidine suggesting 
that after ai-adrenergic blockade, the residual action of NE is now mainly mediated 
through a2-adrenoceptors. The possible involvement of a2-adrenoceptors is also seen 
in the ability of yohimbine (a specific ocz-adrenoceptor antagonist) to cause parallel 
rightward shift of the NE concentration response curve, though to a lesser degree and 
at 100-fold higher concentration when compared with prazosin. Therefore, the 
results suggest that both oti- and a2-adrenoceptor are involved in mediating the NE-
induced constriction of the testicular subcapsular artery, with the ai-adrenergic effect 
appears to predominate. 
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The characterization of a-adrenoceptors in other vascular beds has come up 
with similar findings, showing the involvement of both oti- and a2-adrenoceptors. 
Furthermore, in agreement with what have been demonstrated in arteries (in contrast 
to veins), the ai-adrenoceptors predominate over the a2-adrenoceptors in mediating 
the action of NE (where in the veins, the reverse is true). These include vascular 
preparations such as rat caudal artery (Abel & Minneman, 1986)，monkey and dog 
mesenteric arteries (Toda, 1983)，and cerebral arteries from sheep (Gaw & 
Wadsworth, 1989), bovine (Ayajiki & Toda, 1990)，monkey and human (Toda， 
1983). 
The involvement P-adrenoceptors in the vasomotion activity of NE on the rat 
testicular subcapsular artery is evident from the ability of p-adrenoceptor antagonists 
-propranolol, atenolol and ICI-118,551 to potentiate the NE activity by causing a 
parallel leftward displacement of the NE concentration response curve. Similar 
potentiating effect of P-adrenoceptor blockade on NE-induced vasoconstriction has 
been reported for other blood vessels, and the information can be used to infer the 
presence of P-adrenoceptors to mediate the dilation of these blood vessels (Ayajiki & 
Toda, 1990). Such a possibility was further investigated in the present study by 
examining the effect of P-adrenergic agonists - dobutamine and salbutamol, in causing 
dilation of the pre-constricted testicular artery. Indeed both Pi- and P2-adrenoceptor 
agonists produced concentration dependent vasodilation of the rat testicular artery. 
The vasodilatory effect of salbutamol appeared to be more potent than that of 
dobutamine, suggesting that p^-adrenoceptors probably occupy a more important 
position in mediating the vasodilatory action of NE through the p-adrenergic 
mechanism. The involvement of both Pi- and p2-adrenoceptors to mediate 
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vasodilation in the same vascular bed has been reported for the renal and mesenteric 
arteries of the dog (Toda & Okamura, 1990). ' 
The actions of the adrenergic agonists on the testicular artery correlate well 
with their effects on testicular capillary blood flow (TCBF). In line with a constrictive 
action on the testicular artery, intratesticular injections of NE，E, phenylephrine and 
clonidine caused a reduction in TCBF. The present findings of a reduction in TCBF 
under the effect o f N E or E agree well with those in earlier reports using other 
methods of measuring testicular blood flow, which include clearance method 
(Setchell, Waites & Thorbum, 1966), friction flowmeter (Free & Jaffe，1972) and 
laser Doppler flowmeter (Damber et al.，1982). Based on the extent of the initial 
decrease in TCBF and the time it took to recover, the potency order of these 
adrenergic agonists on TCBF is identical to that on the testicular artery (based their 
ECso values) - E> NE> PE> clonidine. For the p-adrenoceptor agonists, both 
dobutamine and salbutamol caused significant increases in TCBF after intratesticular 
injection. The higher potency of salbutamol (indicated by its lower ECso value) on the 
testicular artery is reflected in a more prolonged action on TCBF. The presence of a 
P - a d r e n o c e p t o r -med ia ted increase in testicular blood flow TCBF has previously been 
reported. For the study in the rat, the results were less clear cut due to the systemic 
effect from the intra-arterial injection of isoproterenol (a non-selective P-
adrenoceptor agonist), which lowered the central blood pressure (Free & Jaffe，1972; 
Free, 1977). However in the ram, infusion of isoproterenol consistently increased the 
testicular blood flow (Setchell, Waites & Thorbum，1966). 
So in conclusion, both a- and p- adrenoceptors are involved in mediating the 
adrenergic control of the rat testicular subcapsular artery and TCBF. The 
a-adrenoceptors mediate vasoconstriction and produce decrease in TCBF, while 
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P-adrenoceptors mediate vasodilation and cause TCBF to increase. Under normal 
circumstances, the a-adrenergic effect predominates over the p-adrenergic effect, and 
NE produces vasoconstriction and fall in TCBF. These conclusions agree well with 
the ones earlier reached in the other studies (Setchell, Waites & Thorbum, 1966; Free 
& Jaffe, 1972; Free, 1977). The present study has extended the investigation to show 
the relative contribution of the a- and P-adrenoceptor subtypes. For the a-adrenergic 
effect, the predominant receptor involved is the oci subtype. For the P-adrenergic 
effect, P2-subtype appears to be more important than Pi. Furthermore, since the 
concentration of NE in the interstitial fluid was reported to reach 47 pmol/ml (or 
4.7x10-8 M) (Campos et al.，1990b), which is shown in the present studies to be 
within the range the testicular artery is responding, hence the NE control of the 
testicular artery is likely to be physiological. 
4.2 Serotonergic control 
5-HT caused a potent constriction of the testicular subcapsular artery as 
indicated by a low ECso value when compared with other ECso values of 5-HT in 
other blood vessels (Table 4.2). 
Table 4.2 Comparing the E C . values of serotonin in inducing constriction of the rat 
testicular subcapsular artery (obtained in the present study, shown in italics) and 




I species/blood vessel E C 5 0 references 
rabbit coronary artery 3.6x10-M P e l e t o u , Dellazuana &Duhauit, 
rat testicular subcapsular artery 7.9x1 (f M 
rat testicular subcapsular artery 1. IxlO"' M Davis, 1992 
dog mesenteric artery 1.3x10-7 ^ Shimamoto et al., 1994 
human coronary artery 1.6x10-^ M Connor，Feniuk & Humphrey, 1989 
rat basilar artery 3.4x10-^ M Chang & Owman’ 1989 
rat caudal artery 8.5x10.7 ^ Growcott, Cox & Blackburn，1993 
rat tail artery L2xlO"^M Marwood, 1988 
I 
A strong vasoconstr ic t ive effect of 5-HT on the testicular artery has also been 
reported by Kormano (1970a) who used an m vivo microangiographic technique to 
show a complete occlusion of the testicular blood vessel and by Davis (1992) who 
worked on the rat isolated testicular subcapsular artery. Kormano (1970a) also 
demonstrated that the vasoconstrictive effect of 5-HT on the testicular blood vessels 
is even more potent than that of angiotensin. In the present study, when comparing 
the EC50 values of 5-HT and NE, 5-HT is also found to be more potent. 
5-HT produced a concentration response curve similar to that of a-methyl-5-
HT (a specific S-HT, receptor agonist) with no significant different in their EC30 
values and This already suggests that the effect of 5-HT acts through the S-HT. 
receptors. Further evidence came from the fact that 5-CT (a specific 5-HTi receptor 
agonist) and 2-methyl-5-HT (a specific S-HTs agonist) produced a much weaker 
constriction of the testicular artery. The receptor subtypes mediating S-CT induced 
vasoconstriction are characterized further using ( 土 ) - 8 - 0 H - D P A T (a specific S - H T . 
receptor agonist) and sumatriptan (a specific S -HT. receptor agonist). However both 
of them cannot mimick the constrictive effect of 5-CT on the testicular artery 
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indicating that the both 5-HTIA and 5-HTID receptors may not be involved in the 5-
HT i receptor mediated vasoconstriction. 
In using specific antagonists to further characterize the receptor subtype(s) 
responsible for mediating the 5-HT action, methiothepin (a non-selective 5-HTi and 
5.HT2 receptor antagonist) showed a complete blockade of the 5-HT induced 
constriction. This may be explained by its non-competitive binding to 5-HTi and 
5-HT2 receptors (Gaw, Wadsworth & Humphrey, 1990; Shimamoto et al , 1993) in 
rat tissues (Charig & Owman，1989). Further characterization using ketanserin (a 
specific 5 -HT2 receptor antagonist) showed a non-competitive inhibition of the 
vasconstrictive response of the testicular artery to 5-HT and a-methyl-5HT 
suggesting that a predominant role of 5-HT2 receptor in mediating the action of 5-
HT. Similar non-competitive inhibitory effect of ketanserin has been reported in 
human coronary artery (Conner, Feniuk and Humphrey, 1989). The involvement of 
5 .HT2 receptors in mediating the vascular action of 5-HT in the testis is supported by 
earlier findings that intratesticular injection of ketanserin can cause an increase in 
testicular blood flow (Collin, Damber & Bergh，1994) and vascular permeability 
increase in the rat testis can be inhibited by ketanserin (Sowerbutts, Jarvis & Setchell， 
1986). 
In using specific antagonists to confirm the roles of 5-HTi and S-HTs 
receptors in the testicular artery, propranolol (10"^  M，a specific 5-HTi receptor 
an tagon i s t ) and metoc lopramide (10"^ M , a specific S-HTs receptor antagonist) were 
shown to have no effect on 5-HT concentration response curve. Together with the 
weak constrictive effect of 5-HTi and 5-HT3 agonists on the testicular artery, these 
results suggest little involvement of 5-HTi and 5-HT3 receptor in mediating the 5-
HT-induced constriction of the testicular artery. The slight constriction of the 
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testicular artery induced by 2-methy-5-HT could be explained by its agonist activity 
on 5-HTi receptors at high concentration (Tadipatri, Feniuk & Saxena, 1992). 
I t is therefore possible to conclude that the effect of 5-HT in the testicular 
subcapsular artery is mediated mainly through the 5-HT2 receptor, although 5-HTi 
receptor may also be involved to a small extent. Characterization of receptor types 
mediating the vasoconstrictive action of 5-HT in the rat caudal artery (Growcott, Cox 
& Blackburn, 1993) and human coronary artery (Connor, Feniuk & Humphrey，1989) 
has also come up with similar findings, showing a more predominant role of the 5-
HT2 receptor and a minor contribution from the 5-HTi receptor. 
Since, it has been suggested that 5-HT may interact with a-adrenoceptors to 
produce its vasoconstrictive effect (Marwood & Stokes，1983; Marwood & Stokes， 
1984; Vanhoutte, Cohen & Marwood, 1984; Purdy, Murray and Stupecky, 1987; 
Shimamoto et al.，1994), therefore the possible involvement of adrenergic mechanism 
in mediating the 5-HT action on the testicular artery was tested. Phentolamine 
blocked the 5-HT induced vasoconstriction of the testicular artery but at a 
concen t ra t ion that is hundred times higher than that used for blocking the NE effect. 
However using the same concentration of prazosin and rauwolscine they were shown 
to have no effect on the 5-HT concentration response curve. These results suggest 
t ha t t h e vasoconstr ic t ive action of 5 - H T does not involve a-adrenoceptors ( a , and 
a2). The blocking effect of phentolamine may be due to its low affinity binding to the 
5.HT receptors at high concentration (10"^  M) (Leysen，Van Gompel & Gommeren， 
1988; Hoyer, 1989). 
Ketanserin, a specific 5-HT2 receptor antagonist, has also been shown to 
possess a-adrenergic blocking activity (Leysen et al., 1981; Van Nueten et al, 1981; 
Marwood and Stokes, 1983). The possibility for ketanserin to antagonize S-HT-
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induced vasoconstriction through its a-adrenergic blocking effect was also 
investigated. Ketanserin used at a concentration that is 10-fold higher than the 
concentration used for blocking the 5-HT-induced constriction of the testicular artery, 
showed no significant effect on the NE concentration response curve. This result 
suggests that the blocking effect of ketanserin on 5-HT is specific to 5-HT2 receptor 
but not through a-adrenergic blockade. 
Except for 5-CT, the effects of serotonergic agonists on TCBF correlate well 
with their vasoconstrictive effect by producing a decrease. Based on the extent of the 
initial decrease in TCBF and the time it took to recover, the potency order of these 
serotonergic agonists on TCBF follows an order of a-methyl-5-HT> 5 - H T » 
2-methyl-5-HT. The present finding of a reduction in TCBF under the effect of 
serotonin is in good agreement with a previous report using a laser Doppler probe to 
show a decrease in testicular blood flow (Collin, Damber & Bergh，1994). An 
unexpected result observed here is for 5-CT, instead of decreasing flow as expected 
from its vasoconstrictive action on the testicular artery, it caused a slight and yet 
significant increase in TCBF. The increase in TCBF by 5-CT may be explained by a 
"relaxant 5-HTi-like receptor" present in the small arterioles of the testicular 
vasculature but not on the testicular artery, or in the testicular artery the “relaxant 5-
HTi-like receptor" is being masked by the "contractile 5-HTi receptor" (Alsip & 
Harris, 1991). The presence of 5-HTi receptor-mediated vasodilation may also 
explain the transient effect of S-HT in decreasing TCBF when compared with 
a-methyl-5-HT. 
To further characterize the receptor subtypes involved in this S-HTi-like 
receptor mediated increase in TCBF, subtypes specific agonists were used. Both 
(±)-8-0H-DPAT (10-8 MOLE, 5-HTIA agonist) and sumatriptan (10"' mole, a specific 
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5-HTID agonist) produced no effect on TCBF. Therefore, both 5-HTIA and 5-HTID 
receptor subtypes are unlikely to be involved in the 5-CT mediated increase in TCBF. 
In the literature, 5-HTID receptor is known to mediate the 5-CT-induced vasodilation 
in pig coronary arteries (Schoeffter & Hoyer，1990) and guinea-pig jugular vein 
(Gupta, 1992). 5-HTi A receptor is also suggested to involve in mediating vasodilation 
in the rat renal circulation (Verbeuren, Mennecier & Laubie，1991). In other blood 
vessels, the receptor type(s) mediating 5-CT-induced vasodilation is however unable 
to be characterised using the subtype specific agonists and antagonists presently 
available and has been suggested to belong to an unknown 5-HTi receptor subtype 
(Sumner, Feniuk & Humphrey，1989; Gushing & Cohen, 1992; Lee et al , 1994). 
Therefore the receptor subtype involved in the 5-HTi receptor-mediated increase in 
rat TCBF awaits further investigation. 
In conclusion, both 5-HTi and 5-HT2 receptors are involved in mediating the 
serotonergic control of testicular blood flow. The 5-HT2 receptors play a 
predominant role in producing vasoconstriction and decrease in TCBF. For 5-HTi 
receptor，it mediates a constrictive effect on the testicular artery but in small blood 
vessel，it mediates vasodilation and subsequently increase in testicular blood flow. 
Based on the present results, it could be postulated that 5-HT plays a 
physiological role in the control of testicular blood flow. The concentration of 5-HT 
in the interstitial fluid of the rat testis is determined to be 23 ng/ml (or UxlCT? M) 
(Compos et al., 1990a). According to the 5-HT concentration response curve in the 
testicular subcapsular artery, such a high concentration of 5-HT can already induce a 
potent constriction of the testicular blood vessel. Therefore the 5-HT present in the 
testis may maintain a vascular tone in the testis as has been previously suggested 
(Collin, Damber and Bergh，1994). 
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4.3 Cholinergic control 
The present study indicated that acetylcholine could cause vasodilation of the 
testicular subcapsular artery, but its effect was weak and not reproducible. This may 
be due to the presence of acetylcholinesterase activity in the testis (Langford & Silver， 
1974; Chakraborty & Nelson，1974). Therefore a more stable synthetic cholinergic 
agonist, carbachol, was later used. Carbachol produced a concentration dependent 
dilation of the preconstricted testicular subcapsular artery. The ECso of carbachol in 
inducing dilation in this artery is comparable with its effect in other vascular beds and 
is listed in table 4.3. 
Table 4.3 Comparing the ECso values of carbachol in inducing dilation of the rat 
testicular subcapsular arteiy (obtained in the present study, shown in italics) and 
arteries from other vascular beds. 
species/blood vessel ECso reference 
f e l i n e m i d d l e cerebral artery I . O X K T M Dauphin &Hamei, 
canine femoral artery 1.4x10-^ M Rubanyi，Mckinney & Vanhoutte, 1987 
rat testicular subcapsular artery 7.0x1 (T^ M 
" . 』 7 0x10.7 M Duckies, 1988 rabbit ear artery z.uxiu ivi 
, . …… 1 SxlO'^M Duckies, 1988 
bovine coronary artery I.DX川 M 
‘ 
The response of testicular artery to carbachol could not be antagonized by 
hexamethonium suggesting that nicotinic cholinergic receptors were not involved. 
Atropine (a specific muscarinic antagonist) used at a hundred times lower 
concentration than hexamethonium, blocked the carbachol-induced dilation of the 
testicular artery. This result suggests that the the cholinergic receptor mediating 
carbachol - induced dilation of the testicular subcapsular artery is muscarinic in nature. 
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The presence of muscarinic receptors in mediating the dilation effect of carbachol in 
testicular artery is supported by an earlier finding that stimulation of parasympathetic 
pelvic neurons caused testicular vasodilation which could be abolished by atropine 
(Steers, Rachenwald and Desjardins, 1993). 
Specific antagonists have been used to characterize the muscarinic receptor 
subtypes further. Pirenzepine (SxlO'' M, a specific M i antagonist) and p-F-HSSiD 
(1x10-7 M，a specific Ms antagonist) blocked the carbachol-induced dilation of the 
testicular artery producing a parallel rightward displacement of the concentration 
response curve. Higher concentrations of methoctramine (10*^  mole, a specific M2 
antagonist) and tropicamide (10"^  mole, a specific M4 antagonist) were however 
without any significant effect. These results indicate that the muscarinic receptors 
involved in the dilatory effect of carbachol on the testicular subcapsular artery belong 
to M l and Ms receptor subtypes. 
In line with a vasodilatory action on the testicular artery, intratesticular 
injection of lO'^ mole carbachol produces a slight and yet significant increase in 
TCBF. The present result showing a slight increase in TCBF under the effect of 
carbachol agrees with the previous studies showing an acetylcholine-induced increase 
in testicular blood flow in the ram (Setchell, Waites & Thorbum, 1966) and in the rat 
(Free & Jaffe，1972) measured using clearance method and friction flowmeter, 
respectively. Nevertheless in both cases high doses of acetylcholine were required to 
produce a slight increase in testis blood flow. In this study, the testicular subcapsular 
artery was shown to respond to a cholinergic agonist. However Free and JafFe (1972) 
suggested that the primary site of action for acetylcholine could be the testicular 
artery in the spermatic cord (Free & Jaffe，1972; Free, 1977). 
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To conclude the present findings, both M i and Ms muscarinic receptors are 
involved in mediating the cholinergic effect on the rat subcapsular testicular artery in 
producing a vasodilation. Their involvement may also account for the cholinergic 
effect in increasing the TCBF. 
4.4 General discusion 
In this study, two complementary techniques were used to unveil the 
adrenergic, serotonergic and cholinergic control of testicular blood flow. The in vivo 
videomicroscopy method examines in situ the reactivity of testicular subcapsular 
artery to the suffusion of vasoactive substances. It is useful in identifying those factors 
that are vasoactive on the testicular blood vessels and to study their concentration 
response relationship. It is also useful for the pharmacological characterization of the 
receptor types mediating the vasoactive effects. The vasoactive factors were suffused 
on to the serosal side of the blood vessel but not administered through the circulation 
because this would mimick the perivascular ocurrence of the endogenous adrenergic, 
serotonergic and cholinergic factors in this testis. With the data on the activities of the 
vasoactive factors on the testicular artery, their effects on TCBF were examined using 
a second technique _ the hydrogen gas clearance method. This would provide the 
additional information on the overall response of the testicular vasculature to these 
factors, hence a more detail picture on the blood flow control in the testis could be 
obtained. 
The subcapsular artery is used in this study because arterioles are absent on 
the surface of the testis. Also, because the testicular artery is long and unbranched’ it 
acts as a resistance vessel and is therefore as important as the arterioles in controlling 
the blood flow (Setchell, 1978). In this study, the effect of vasoactive factors were 
only tested on the subcapsular artery. Their effects on other part of the testicular 
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vascular bed are however unknown. This may be important since there has been a 
report on the regional differences in the response of the testicular artery to NE-
induced vasoconstriction (Waites, Archer & Langford, 1975). 
The present study indicates that NE and 5-HT are involved in the 
physiological control of testicular blood flow in the rat since they are vasoactive on 
the testicular subcapsular artery at the concentrations they are found in the testis. The 
importance of acetylcholine is unclear since there is no information or its local 
concentration inside the testis and the acetylcholinestease activity in the testis could 
be high. For 5-HT, the intratesticular synthesis and release by Leydig cells and mast 
cells would allow it to produce local changes in testicular blood flow. The possibilities 
of altering local perfusion will have important implications to the regulation of 
testicular fiinctions (Desjardins, 1993). These adrenergic, serotonergic or cholinergic 
factors may modulate their own actions or the actions of other local factors on the 
other aspects of testicular functions (i.e. steroidogenic or spermatogenic) by altering 
the local distribution, concentration and metabolic clearance into blood or other fluid 
compartments inside testis. 
In this study, the adrenergic, serotonergic and cholinergic mechanisms were 
studied separately. However, there could be complex interactions among them. The 
possibility of 5.HT acting through the a-adrenergic mechanism in the rat testicular 
artery has been discarded based on the evidence collected in the present study. 
However there are other possible interactions that may exist and need to be fUrther 
explored. 
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